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EXEGUTIVE SUMMARY

" DuPont proposes an innovative technology for treating waste in the South Landfill at the
Newport Superfund site. Permeable reactive barrier (PRB) technology and an engineered cap are
proposed as a protective and cost-effective alternative to both the treatment remedy described in
the 1993 Record of Decision (ROD) and the in situ chemical treatment remedy described in the
1995 Explanation of Significant Differences (ESD). This proposal supports a new treatment
technology which has been demonstrated with both laboratory and field demonstrations.

The National Contingency Plan (NCP) indicates a preference for innovative technologies that
offer comparable or superior performance, fewer adverse impacts than other available
approaches, or lower costs for similar levels of performance than demonstrated technologies.
The DuPont Newport Superfund site ROD required treatment of the waste materials located in
the South Landfill using soil mixing. New data indicate that the cost of the ROD remedy
exceeds $16MM. The ESD remedy specified in situ chemical treatment. The ESD remedy with
subsequent modifications (calcium sulfate and a single barrier cap without groundwater controls
or a slurry wall) would cost approximately $6MM.

The PRB alternative treatment remedy provides greater protection of human health and the
environment while being more cost-effective than soil mixing or in situ chemical treatment. This
innovative technology meets the statutory preference for treatment by immobilizing the metals of
concemn, minimizing the waste volumes, and provides protectiveness for hundreds of years.
DuPont estimates that the cost of the alternative is $3MM.

This document describes a permeable reactive barrier and modified cap remedy (PRB remedy)
and provides laboratory and field data to support the feasibility of the proposed approach.

A supplemental study is proposed to establish background manganese concentrations in the fill
zone outside of the South Landfill. Local background concentrations are a more appropriate
performance standard than the currently established one for manganese.
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SECTIONONE Introduction

Section 1.0 provides an overview of the proposed remedy and its appropriateness for the

South Landfill as well as its suitability for consideration in the context of Superfund. Section 1.1
describes new data collected since the 1995 ESD. Section 1.2 describes the PRB technology for
the South Landfill waste and the complete remedy now being proposed for the South Landfill.
The remedial benefits of the proposed remedy are summarized in Section 1.3. The organijzation
of this document is described in Section 1.4.

1.1

SUMMARY OF NEW DATA

Since the 1995 ESD for the Newport Superfund site, considerable additional information has
been collected that impacts prior assessments and supports a new, innovative, cost-effective
treatment technology:

a

Laboratory testing showed that the in situ chemical treatment remedy (ESD) requires
considerably more treatment agent (~10X) than realized when the ESD was proposed due
to the demand of the landfilled waste. The cost, feasibility, and waste generation due to
placing over 70 million pounds of sodium sulfate in the landfill had not been considered
in the prior proposal. Chemical costs, alone, exceeded $15MM.

PRB treatment has been demonstrated successfully in laboratory and field testing. The
reactive agents are calcium sulfate (gypsum) for barium immobilization and zero-valent
iron for zinc immobilization. The reactive materials are placed in a trench with inert soil
{Del DOT mason sand) at a soil: gypsum: iron ratio of 100:20:5 by weight. The PRB
uses 97% less agent to accomplish treatment.

Barium, zinc, and all mobile constituents, except manganese, are immobilized by the
PRB remedy to well below the treatment standards established in the ESD. A wall life of
hundreds of years is achieved with a single barrier-layer cap permeability of 10”7 cm/sec.

Perimeter Geoprobe® data has delineated the aerial extent of the landfill on both sides of
Basin Road and the depth to the marsh deposit, the confining unit under the South
Landfill.

Groundwater samples in the South Landfill have shown that barium exceeds the
performance standard throughout and zinc is elevated in only a few areas. Lead and
manganese have isolated exceedances of the performance standard.

Groundwater samples on the landfill perimeter confirm the barium exceedances. Zinc is
elevated in limited areas. Manganese is also elevated at the landfill perimeter. The lead
standard is not exceeded. No other exceedances are apparent.

Historical manganese concentrations in fill zone groundwater both inside and outside of
the site indicate background manganese levels may exceed the treatment standard.

Permeable reactive barrier technologies can be implemented with conventional slurry
wall construction methods.

L
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SECTIONONE Introduction

0 The ROD and ESD remedies will require two construction seasons to implement. Mixing
alone will require more than a year to complete. The PRB remedy can be implemented in
a single construction seasomn.

This new data indicate that a PRB and modified cap will provide a better remedy than either the
ROD or ESD remedies. That is, the PRB is more permanent, implementable, and cost-effective,
The PRB remedy will not increase the waste volume and will provide equal or better protection
of human health and the environment. This technology can be applied simply and effectively

using proven trench excavation equipment while reducing the time required for treatment to one

year.

1.2 SOUTH LANDFILL REMEDY

The South Landfill was previously used for the disposal of lithophone waste materials. These
waste materials are composed of spent ores containing residues of several heavy metals,
primarily barium and zinc. The ROD- and ESD-specified remedies address the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) statutory preference for
treatment to reduce the mobility, toxicity, or volume of the heavy metals. The PRB also
provides demonstrated immobilization of metals with lower waste volumes and is supported by
long-term monitoring to ensure background levels are achieved. The modified (single-barrier)
cap reduces groundwater infiltration and extends wall life.

The following are the essential elements of the proposal:

Q Immobilization treatment provided by a permeable reactive barrier containing gypsum,
iron and inert soil along two of the three sides of the landfill (see Figure 1).

Q Control of groundwater migration by placing a soil-bentonite slurry wall along the river
side of the landfill (see Figure 1),

Q Cap consisting of a single, low permeability barrier covering the entire landfill.
Q Geomembrane and stone placed along the riverbank for containment and erosion control.

Q Momtoring to ensure successful treatment effectiveness, wall life, and containment.

DuPont envisions the following sequence of events:

Q Grading of the Landfill Surface
The holding cell on the South Landfill containing South Wetlands and Christina sediments
will be graded to accommodate the final cover.

Q Soil-Bentonite Slurry Wall and Permeable Reactive Barrier
A soil-bentonite slurry wall will be constructed along the south side of the New Castle
County sewer line. A permeable reactive barrier will be constructed along the remaining two
sides of the South Landfill, extending to the marsh deposit and connecting with the slurry
wall, circumscribing the landfill material. The barriers will cross Old Airport Road twice.
Figure 1 shows a plan view of the proposed alignment.

)
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SECTIONONE | Introduction

Q Treatment
The permeable reactive barrier will be constructed of a 100:20:5 weight ratio of inert soil,
gypsum, and zero-valent iron. Section 3.0 presents a complete description of treatment by
the permeable reactive barrier.

Q Low Permeable Cover
The final cover system will be composed of a single barrier of less than 107 cmy/sec
permeability, such as a geosynthetic clay liner. Figure 2 shows the conceptual cap design.
The cap will extend across the sewer line to the top of the nverbank.

Q Riverbank Stabilization
The intertidal zone along the Christina River will be stabilized with a geosynthetic

membrane, stone, and soil.

Q Monitoring
Groundwater passing through the PRB will be monitored to ensure the primary metals are

immobilized. Groundwater outside of the landfill will be monitored to ensure manganese ts
attenuated to background levels. The riverbank will be inspected to ensure containment.

1.3 REMEDIAL BENEFITS

This remedial proposal enhances the remedy describedlin both the 1993 ROD and the 1995 ESD
because it:

Q Satisfies the nine selection criteria as do the ROD and ESD.

Meets the remedial objectives of the ROD.

Complies with applicable and relevant or appropriate requirements {ARARs).
Is more permanent, effective, implementable, and cost-effective.

Complies with the preference for treatment without increasing waste volumes.

b0 o000

Provides greater protection of human health and the environment.

Greater benefit is achieved by using proven installation methods and physical containment of the
waste. Containment is provided by the low-permeability cap and circumscribing vertical barrier
tied into a continuous confining layer. This proposal also shortens the construction schedule for
the South Landfill to one construction season.

PRB treatment is an innovative approach to immobilizing metals of concem. By limiting
infiltration with a low-permeability cap, the life of the reactive wall is extended to hundreds of
years.

Other features of the remedy are its ease of implementation, extended remedy life, monitoring,

and simplicity. Standard, readily available equipment will be used to install the reactive barrier.
Treatment effectiveness is easily assessed by monitoring groundwater quality in the barrier.
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SECTIONONE Introduction

1.4 DOCUMENT ORGANIZATION

Waste containment with a shury wall — PRB and single barrier cap are described in more detail
in Section 2. Section 3 discusses the new data developed in support of the permeable reactive
barrier in detail. Section 4 contains a comparison of the ROD, ESD and PRB Remedies.
Section 5 describes the remedial goals, the elements of the proposed remedy, and proposes
appropriate performance standards. Conclusions and recommendations are included in
Section 6.
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SECTIONTWO Waste Contalnment

Section 2 describes the waste containment aspects of the proposal that complement the proposed
treatment (see Section 3.0). The proposed waste containment system for the South Landfill will
physically separate the waste material from the environment and hydraulically control
groundwater migration.

The conceptual approach for containment of the waste is described in Section 2.1. The
placement of the slurry wall and the PRB, including wall alignment and materials of
construction, are discussed in Section 2.2. The cap is presented in Section 2.3.

2.1 WASTE CONTAINMENT CONCEPTUAL APPROACH

DuPont proposes a complete barrier system to physically separate the waste material from the
environment, The barrier systermn will consist of a soil-bentonite slurry wall extending vertically
into the low-permeability confining layer below the landfill. The slurry wall will be placed
parallel to and on the south side of the New Castle County sewer line. In addition, a permeable
reactive barrier will surround the remainder of the landfill. Both barriers will be tied into the
relatively impermeable marsh deposit below the landfill (see Figure 1),

In addition, the cap will extend across the sewer line to the top of the riverbank (see Figure 1).
The riverbank will be stabilized with geomembrane, stone, and soil (EPA 1996). The landward
slurry wall, cap, and riverbank cover will prevent further migration through the waste material
not contained within the circumscribing wall. The geotextile, stone, and soil will prevent further
erosion and complete containment of the waste.

The low-permeability marsh deposit confining layer will form the bottom of the containment
system. This layer is continuous and at least 10 feet thick so that an adequate "key" can be made.
The existing cover soil and the low-permeability geomembrane cap on the South Landfill will
completely separate the waste from the environment. The geologic occurrence (continuity and
thickness) and hydraulic characteristics (permeability) of the confining layer found beneath the
South Landfill waste material has previously been described (DERS 1995).

22  SOIL-BENTONITE SLURRY WALL AND PERMEABLE REACTIVE BARRIER

The South Landfill will be contained with a vertical barrier consisting of a slurry wall and
permeable reactive barrier. As shown in the ESD proposal, the South Landfill site and
subsurface conditions are ideal for a soil-bentonite slurry wall. The topography is relatively flat,
and the depth to the confining layer is shallow enough (less than 30 feet) to use conventional
backhoes for excavation. In addition, construction quality control and quality assurance
procedures are well established for slurry walls to enstre continuity and low permeability.

A soil-bentonite slurry wall is proposed along the river side of the landfill because landfill
materials have been previously found at the riverbank. It is impossible to contain the waste
within a reactive barrier; hence, this barrier contains the remaining waste by physical and
hydraulic isolation under a low-permeability cap.
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SECTIONT WO ~ Waste Containment

The slurry wall and reactive barrier will contain, to the extent practical, all of the waste material
within the South Landfill, as shown on Figure 1. The alignment is based on EPA’s agreement
(EPA, 1996b) that the wall can be placed on the south side of the New Castle County sewer
main. EPA approved this location because the residual risk from the untreated material covered
by a geomembrane and stone and the ecological benefit of allowing trees to remain along the
riverbank was less than the risk of a catastrophic sewer line failure. The aerial extent on the
north and east has been confirmed with recent Geoprobe® borings (see Appendix C).

The soil-bentonite slurry wall will be designed to have a maximum permeability of

1 x 107 cm/sec. The slurry wall will be a minimum 36-inch-wide wall, with a 3-foot key into the
clayey silt layer. The soil-bentonite backfill will consist of clean backfill mixed with bentonite
slurry (EPA 1996a). Final design studies will be necessary to prepare the design and
construction documents, including subsurface investigation, compatibility testing, slurry wall
design, and a construction bidding document.

The permeable reactive barrier will be a minimum 36-inch-wide wall with a 3-foot key into the
clayey-silt marsh deposit. The barrier will be a mixture of treatment agents and clean soil in the
weight ration of 100:20:5 (soil: gypsum: iron). All groundwater originating from the waste
material will pass through the permeable barrier. The PRB contains slightly soluble gypsum and
insoluble iron, with a wall life of hundreds of years with a single barrier layer.

2.3  SINGLE BARRIER CAP

The cap will cover all of the waste material and extend beyond the limits of the slurry wall and
reactive barrier. The cap will have a maximum permeability of 1 x 10-7 cm/sec. The cap will be
designed as shown in Figure 2. The design includes a barrier layer (such as geocomposite clay
liner (gcl) or clay), protective soil, and topsoil.

Infiltration through the cap was estimated with the Hydrogeologic Evaluation of Landfill
Performance (HELP) model to determine cap performance (see Appendix B). A single barrier
cap, such as gel, reduces infiltration over 99% from current conditions. The difference between
a singe barrier of gcl and the dual barrier specified in the existing performance standard (or
single geosynthetic membrane) is not measurable (0.01995 in/yr. or 0.016 gal/min passing
through the wall).

The cap design is a change from the ESD requirement for a dual-barrier cap with a synthetic
geomembrane. Reducing groundwater to the maximum extent practical was a critical element of
the ESD remedy because the treatment agents were extremely soluble and could be flushed from
the waste by infiltrating rainwater.
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SEETIOHTHREE South Landfill Treatment

This section presents the laboratory and field data which support the conceptual design of the
permeable reactive barrier.

31 PERMEABLE REACTIVE BARRIER

A permeable reactive barrier is an in-ground placement of active materials'in the path of flowing
groundwater. Laboratory and field tests showed aqueous contaminants will be removed as
groundwater passes through the barrier. Metals were removed by precipitation and sorption.
The barrier will be of sufficient width to provide adequate residence time and long-term capacity
(hundreds of years), and deep enough to key into impermeable layers at the base of an aquifer.
Once installed, the barrier will require virtually no routine maintenance, only groundwater
monitoring to ensure treatment.

To evaluate PRB technology for metals treatment at the Newport South Landfill, a series of
batch and column experiments was performed. First, screening batch tests were conducted with
materials, which potentially could remove the metals. Two materials, gypsum (CaS04.2H,0}
and zero-valent iron (iron), showed excellent removal properties for barium and zinc,
respectively. Barium precipitates as barium sulfate; zinc is removed by adsorption.

Gypsum and iron were then used in continuous-flow column tests to demonstrate their
effectiveness together and with the sand that would make up the bulk of the PRB. Wall life
projections were then made based on the column tests and flows through the PRB under
assumptions of different landfill cap configurations.

As a final technology demonstration, in situ field tests were constructed using a design
previously used by the U.S. EPA and DuPont. A 12-inch diameter column of the PRB

sand: gypsum: iron mix was placed in the ground in the presence of contaminated groundwater.
A one-inch monitoring well was placed in the middle of the column prior to backfill.
Performance was determined by sampling the water that had passed through six inches of
reactive material, The results of these tests validated the laboratory projections.

3.1.1 Laboratory Evaluations

This section describes the laboratory evaluations that were performed to develop the permeable
reactive barrier treatment technology. Appendix A describes the evaluations in detail.

Batch Tests

Batch tests screened potential treatment materials. Groundwater from two locations
inside the South Landfill were tested, representing areas of high barium or zinc
concentration. The barium-rich water was used to evaluate gypsum effectiveness. The
zinc-rich water was used to evaluate the effectiveness of zero-valent iron, millscale, steel
slag, and iron sulfide,

These tests covered a broad range of concentrations for each active material.
Groundwater and the reactants were put in 125 cc polypropylene bottles, the headspace
purged with nitrogen, and then agitated end-over-end for 24 hours. Samples of the liquid
phase were then passed through a 0.45-micron filter and analyzed for the constituents of
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SECTIONTHREE South Landfill Treatment

interest. Control samples followed the same procedures except that no reactive material
was added. -

Barium concentrations were reduced from 290,000 ppb to less than 500 ppb by the
addition of 0.5 weight percent of gypsum. The resulting concentration was substantially
lower than the required 7,800 ppb standard (see Appendix A).

Zinc concentrations were readily reduced from approximately 1,000 ppb to less than 10
ppb (vs. a goal of 120 ppb) by several materials, including zero-valent iron (Peerless -8
+50 mesh), iron sulfide, steel-process mill scale, and steel slag. The first two showed
exceptional activity. Zero-valent iron (iron) was chosen for further evaluation due to its
high activity and DuPont experience at other sites.

Of the other metals of concern, cadmium, copper and lead were less than the detection

in feeds and all treated waters, and was reduced in all cases except mill scale.
was generally not reduced by the materials, and in some cases manganese level .
increased as a result of treatment, although below the treatment performance standard of
1,000 ppb established in the ESD. -

Column Tests

Continuous-flow column tests were conducted with the selected reactive agents — gypsum
and iron. The column tests were performed to assess wall life {capacity), synergistic (or
antagonistic) effects of combining the materials, and potential performance limitations
(such as plugging). Two independent tests were run, on barium-rich and zinc-rich
samples from South Landfill wells with the elevated barium and zinc concentrations.

The composition of groundwater leaving the landfill at any point is not known with
certainty. Consequently, one wall composition was chosen to ensure treatment of both
barium and zinc. Based on the batch tests and a projection of reactant needs, a mix
composition was chosen with parts by weight of:

Sand : Gypsum : Iron = 100:20:5.

An inert material, mason sand — a standard Delaware Department of Transportation
material, was chosen as the base material for the PRB. Permeability tests showed that 20
weight percent gypsum mixed with mason sand had a permeability of 6 x 10 cm/sec.
Waste permeabilities ranged from 2 x 10~ to 1 x 10" cm/sec (Kiber 2000). The
permeable barrier will have a higher permeability than the landfill material, preventing a
“bathtub” effect.

For the laboratory experiments, two independent column tests were run concurrently, one
with barium-rich feed water and one with zinc-rich feed water. Each test consisted of a
reactive column filled with the above mix, and a control column filled with sand alone.
Pressure drop across the columns was measured to determine the permeability of the
columns over time.
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SECTIONTHREE South Landfill Treatment

Barium removal was readily accomplished from both the barium-rich and zinc-rich
groundwaters. With the barium-rich feed, 500,000 ppb Ba was reduced to nominally
1,000 ppb. With the zinc-rich feed, 70,000 ppb Ba was reduced to nominally 100 ppb.
These results were consistent over the one-month test, and demonstrated barium removal
to well less than the 7,800 ppb limit.

Zinc removal was difficult to quantify due to analytical complexities (possible
interferences, etc.), but the performance was clear. While the zinc-rich feed water varied
from 100 to b, zinc was consistently reduced to non-detect (25 ppb) in both the
active and contrgl¢olumns over the one-month fest It at the moriar s

backfill has some limited affinity for metals adsorption. Thus zinc levels were well
below the standard of 120 ppb.

Of the other metals of concern, cadmium, copper and lead were less than the detection
level of 4 ppb in both feeds and treated waters. Nickel was less than 30 ppb in treated
groundwater, below the goal of 73 ppb. Manganese, up to 100 ppb in feeds, was
observed infinc water column effluents at 200 to 3,000 ppb. In banum-rich effluents,
Zinc was fodnd-t 2 ppb to non-detect (10 ppb) levels.

Reactive column flow and pressure drops were used to calculate the column material
permeabilities after 45 days of flow. The hydraulic conductivity was

2.2 x 10* and 2.6 x 10™cm/sec for the zinc and barium columns, respectively, the same
magnitude as the fresh mixture (~6 x 10 cm/sec). No permeability decrease was thus
observed over many simulated wall lifetimes, and wall plugging should not be expected
to occur.

3.1.2 Field Demonstration

Two test boring clusters, each consisting of a treatment well and a control boring, were placed in
locations that had shown elevated levels of barium and zinc in the Geoprobe® groundwater
sampling (see Appendix C).

The Geoprobe® assessment was conducted to confirm the limits of the landfill and determine
groundwater quality on the landfill perimeter. Each treatment boring consisted of a 12-inch
diameter column of treatment material with a central 1-inch PVC pipe. Each control boring was
placed about fifteen feet (up- or side-gradient) from their respective treatment pair and were
similarly constructed except that clean sand was used in place of treatment material

(see Figure 1). The PVC pipe was screened five feet from the bottom of each well. A standard
bentonite seal was placed above the treatment material or clean sand.

The field demonstration confirmed the laboratory tests. Barium, zinc, cadmium, copper, nickel,
. and lead were treated to below thelr respectwe performance standards. Manganese levels were
ich well and above the performance standard in the
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SECTIONTHREE South Landfill Treatment

Field Tests Procedure

Water was pumped from the wells between samf)ling events to simulate wall life. A
maximum pumping rate for the field tests was calculated by multiplying the laboratory
column test rate of 0.5 L/day by the ratio of the area of the field test to the laboratory
column test. The calculated maximum pumping rate was 8.125 L/hr; the average actual
~ 7" pumping rate was 4.5 L/hr with a range of 3.0 to 6.3 L/hr. The test and control wells in
' cluster were pumped at the same rate using a dual-head peristaltic pump.
groundwater samples were analyzed each day the test columns were pumped

Barium removal was demonstrated in both the barium-rich and zinc-rich locations. At the
barium-rich groundwater location, the barium concentration in the water from the control
well ranged between 44,500 and 103,000 ppb, compared to a concentration range of 11 to
58 ppb from the treatment well. At the zinc-rich groundwater location, the barium
concentration in the water from the control well ranged from 133,000 to 230,000 ppb,
whereas the barium concentration in water from the treatment well ranged from 160 to
540 ppb. The results are tabulated in Tables C.2 through C.6 in Appendix C.

Zinc removal was difficult to observe because of the low zinc concentrations in both
locations. The zinc concentrations in the zinc-rich control well ranged from 15 ppb to j
non-detect. All zinc concentrations in the water from the zinc-rich treatment boring were
below 6 ppb and most were non-detect. In water from the barium-rich control well, the

zinc concentration was never higher than 47 ppb. Zinc concentrations in the water from

the treatment well were never above 9 ppb and were non-detect in all samples after the
second day of the field test.

For other constituents of interest, cadmium, copper, lead, and nickel were nearly below
their detection limits throughout the ﬁeld tests. None were above the practlcal 7
quantitation limit. (Fatciam-was detected in water fram the contr AveTage o

0,000 ppb;and.ix much higher concentrations in water from the g'_cgmng wells (an e
average of 550 000 ppb E higher calcium concentrations are the result of gypsum
d o VIAIRAnEse was detected in water from the zmc-nch wells at levels below

1 000 ppb! &man anese Was also below the treatment standar ' ontrol
‘1———- . e .
w’ '

wel T in the Darium- rearment well was about 15,000 ppb, cxcccdlng the
treatment standard.

3.2 WALLLIFE PROJECTIONS

Three factors determine the wall life for the South Landfill PRB - groundwater contaminant
levels, groundwater flow from the waste material, and reactant capacity. Groundwater
contaminant levels are determined by waste characteristics. Groundwater flow can be controlled
by the design of the landfill cap .- 'meability (and subsequent infiltration). Reactant capacity is a
function of gypsum solubility (¢ . -um must dissolve at a level greater than required for barium
precipitation) and iron loading.

e \R326375
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SECTIONTHREE

South Landflll Treatment

The only factor that cannot be controlled is the concentration of contaminants in groundwater.
Groundwater flow (cap permeability) and reactant capacity can be designed to ensure adequate
wall life and long-term performance. Column test fluxes and HELP model calculations were

used to project wall life.

Cap infiltration was estimated using the HELP (Hydrologic Evaluation of Landfill Performance)
Model. The table below shows rainwater infiltration rates to the landfill through various cap
types. The corresponding wall fluxes, the field years simulated by each day of laboratory
column operation, and the wall life projected after 29 days of laboratory column operation. The
detailed wall life calculations are included in Appendix B.

Permeable Reactive Barrier Wall Life Predictions from Laboratory Columu Tests
Infiltration Wall Flux, | Field Years/ | Wall Life,
Cap Type Rate, infyr. | cm’/em?’/day Lab Day Years
.| Current Conditions {3 ft. soi}) 6 124 0.054 15
Asphalt (4 in.) + Stone (8 in.) 0.1 0.0207 3.27 90
Soil {18 in.) + Drainage Layer + GCL 0.02 0.00413 16.4 450

This evaluation shows .that a single barrier cap, such as a geocomposite clay liner, is adequate to
ensure hundreds of years of capacity. These cases represent a wall only eight inches thick, the \
length of the treatment column. In practice, the wall will be two or three feet thick, thus giving

an additional life factor of at least three times the lifetimes given above.

3.3 MANGANESE FATE AND TRANSPORT

3.3.1 Manganese Levels in Soil and Groundwater at Newport

Remedial investigation data (Woodward Clyde 1991) show manganese in site soils is

100 to 500 mg/kg in areas unimpacted by historic operations. The highest manganese levels
were found in the South Landfill at levels of 4,000 mg/kg. Background levels for manganese in
soil are 2 to 7,000 mg/kg (Shacklett 1984). Manganese is present in soils both on- and off-site.

Manganese is a site-related constituent due to its detection during the Remedial Investigation
(Woodward Clyde 1991) at levels above EPA’s 1 mg/L action level in monitoring wells both on-
and off-site at levels from 0.04 mg/L to 10.6 mg/L (DERS 1993). Manganese continues to be
present in long-term groundwater monitoring wells, at levels as high as high as 7 mg/L (wells
which are not impacted by site activities [DuPont 2000]).

The presence of manganese in both on- and off-site soil and groundwater strongly suggest
sources and mechanisms independent of historic site activities are primarily responsible for the
observed phenomenon. In addition, the mere presence of manganese in soil does not create
elevated levels in groundwater.
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SECTIONTHREE South Landfill Treatment

As presented in Section 3.1.2, elevated manganese levels (>1mg/L) have been recently observed
in South Landfill wells along the proposed perimeter of the reactive barrier.

3.3.2 Manganese Solubility

The solubility of manganese is primarily a function of its oxidation state and solution pH. Low
redox conditions produce high levels of soluble manganese. Manganese can have two possible
valences (+2 and +4) in solution. Only divalent manganese is soluble; the more oxidized forms
form insoluble oxides. Stability diagrams (eH vs. pH) are frequently used to show the
predominant elemental forms and complexes. Under conditions at the Newport site (see

Figure 3), manganese is found in its highly soluble ionic form (Mn'%).

The effect of the iron wall can be seen on Figure 3. The free oxygen and free hydrogen lines are
the upper and lower boundaries in environmental (unconfined, atmospheric pressure) systems.
The elemental iron line is below the hydrogen line. Consequently, elemental iron drives the eH
low, ultimately producing hydrogen gas. (This is the effect which enhances dechlorination
mechanisms in organic zero-valent iron systems.) This phenomenon was observed in the field
tests-the eH in both treatment wells was lower than the controls (see table below).

Groundwater characteristics are shown on the table below.

ocation
PRB Contrel Well
BC 1.7 -0.11 98 1.01d Airport Road
PRB Treatment Well
BT 13 -0.13 79 - Old Airport Road
PRB Control Well
zC 1.6 -0.13 7.3 - Wetlands
PRB Treatment Well
Fill Zone Monitoring Well
MW-23A 18 +0.28 6.4 - Rte 141

PH and eH data were collected June 2000 .
Manganese in all wells except MW-23A sampled May and June, 2000
Manganese in MW-23A is Phase 3 RI - ~1991.

These data are superimposed on Figure 3. The stability diagram shows that the soluble
manganese is the predominant species in the vicinity of the South Landfill. Only in the ZT well,
where the pH is 10.7 is the groundwater manganese level below the treatment standard of

1 mg/L.

am o
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SECTIONTHREE South Landtill Treatment

Oxidation-reduction parameters are very difficult to measure precisely. The groundwater data
shown above was gathered quickly and cannot be used to conclusively explain the observed
phenomena. Its value is limited to suggesting the actual conditions impacting manganese
solubility.

Since manganese is virtually ubiquitous, the mechanisms controlling manganese solubility are
not known at this time. The incremental manganese observed in the test borings could be
generated at the reactive barrier-soil interface, or be released from the zero-valent 1ron.

3.3.3 Manganese and the South Landfill Remedy

The stability diagram shows that the oxidation potential will be reduced as groundwater passes
through a permeable reactive barrier containing iron. This phenomenon has been observed
previously at other iron wall sites. At the South Landfil}, the in situ treatment test borings
indicate that manganese levels increase due to the presence of iron as groundwater passes
through the reactive material (see BT vs. BC data above). The increase was not observed in the
ZT:.ZC pair because of the elevated pH in the ZT well.

At other sites employing iron walls, the reduced oxidation potential effect has dissipated quickly
(within a few feet) as groundwater migrates from the barrier into a more oxidizing environment.
Similarty at the South Landfill, groundwater conditions and mineralogy outside the barrier are
expected to raise the oxidation state, creating conditions which should reverse the temporarily
elevated manganese concentrations.

The RI data from MW-23A (and others, such as MW-9 and the Old Airport Road residences)
provide a perspective on local background concentrations. That is, background manganese
levels in the vicinity of the South Landfill may well be in excess of the treatment standard of
1 mg/L. These elevated levels are likely due to the influence of biological processes and the
resulting reducing conditions associated with the wetlands which have existed for millennia,

While the data are very limited, background manganese concentrations may be a move —/7
appropriate performance standard than the treatment standard established in the ESD.

Conditions outside of the landfill may not be oxidizing enough to reduce soluble manganese
levels. Manganese in soils represents an infinite source of manganese which is continuously
being released.

3.3.4 Additional Data

A focused assessment is needed to understand manganese transport in the vicinity of the South
_Lapdfill. Theobjective 1s to defermine the likelthood that manganese levels can or will reach the
treatment standard of 1 mg/L and establish a reasonable background manganese concentration.

Well transects will be installed to advance the understanding of the data collected to-date. Soil
and groundwater will be studied to better tand the relationship between manganese an
groundwater characteristics. A brief s¢ope of i 1bi
locations and analytical design for app

The assessment will be complete by September 30, 2000.

L ©

GORFORATE REMEDIATION GACUP
Am Alsomm bubwam
Dosmant armt The Wl Diavvons (irmp

Sty Ml iamm, Bty 77 3 2 h 3 7 8
e h SADOCUMENT CREATION7105\7105,00CY-JUL-00V 105 3=7




SECTIONTHREE South Landfill Treatment

3.4  MONITORING TREATMENT EFFECTIVENESS

Monitoring wells placed inside the permeable reactive barrier will ensure treatment and provide
an early waming to ensure protection of human health and the environment. Approximately 10
monitoring wells (on 200 ft centers) are proposed within the permeable reactive barrier. The
wells will be installed in the outside 6 to 12 inches of the barrier. In addition, four sets of 3 wells
each will be installed downgradient of the South Landfill to monitor manganese.

Installation of wells in the outer third of the permeable reactive barrier will monitor treatment
conditions and metals capture. In addition, since laboratory and field tests show tens to hundreds
of years wall life with 6- to 8-inch-diameter columns, placement of the wells in the outer third
will provide adequate early warning, in the event breakthrough is occurring at some point ia the

future, :

Wells outside the PRB will ensure that manganese levels return to acceptable levels as
groundwater migrates from the landfill.
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SECTIONFOUR Comparative Evaluation of ROD and Alternate Remedles

The additional field explorations and evaluations conducted since the ESD support the
implementation of permeable reactive barrier technology described in this proposal. DuPont
believes that these modifications achieve the ROD-specified remedial action abjectives (RAOs).
This section describes how the PRB remedy achieves the RAQOs and evaluates the ROD and ESD
remedies as compared to the PRB remedy. The comparative evaluation will consider the
following criteria specified in the National Oil and Hazardous Substance Pollution Contingency

Plan:

Overall protection of human health and the environment
Compliance with ARARSs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume through treatment
Short-term effectiveness

Implementability

Cost

State acceptance

£ 00 Oo0oLCoCooc adadod

Community acceptance

4.1 ACHIEVEMENT OF REMEDIAL ACTION OBJECTIVES (RAOs)

The remedial alternatives in the ROD address contaminated soil, sediment, surface water, and
groundwater at the Newport site. For the South Landfill, the objectives of the remedy are to
prevent the following:

0 Continued releases of contaminants to the groundwater that discharges to the river and
the South Wetlands.

Q Unacceptable human exposure to contaminated soil from the landfill.

The South Landfill remedy selected in{the ROD congisted of the following elements to achieve
the RAOs:

3 Excavation and consolidation of contaminated soil underneath and to the east of Basin
Road onto the South Landfill.

Q In situ soil stabilization of the combined soil using deep-soil mixing technology.

O Capping of the South Landfill with a low permeability (1 x 10-> cm/sec or less) cover.
k_—-—_______________‘

D g
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SECTIONFOUR Comparative Evaluation of ROD and Alternate Remedies

The ROD remedy was selected because it provided a high degree of overall protection of human
health and the environment. Stabilization and capping would significantly reduce the ability of
the contaminants in the South Landfill to migrate where they might contribute to exceeded

groundwater maximum contamina s (MCL) an er quality standards (SWQS).
The cap would also prevent human exposur€ 16 contaminated soil from the landfill. -

The ESD remedy consisted of the following elements to achieve the RAOs:

Q In situ treatment of soil with chemical techniques described in Section 3.0.

Q Soil-bentonite slurry wall, tied into the natural underlying silty clay zone, that
circumscribes the waste in the South Landfill and Basin Road areas.

Q@ An impermeable geomembrane cap over the South Landfill and Basin Road areas.
Q Groundwater extraction to achieve an inward hydraulic gradient.

The ESD remedy was selected because it contained an upgraded containment system (dual
barrier cap and circumscribing wall), met the criteria for selection significantly better, and was
cost-effective, among others.

As an alternate to the ROD and ESD remedies, DuPont proposes a remedy that consists of the
following elements to achieve the RAOs:

Q A reactive barrier consisting of gypsum, zero-valent iron, and inert soil to treat and
immobilize al} fill-zone groundwater migrating from the landfill.

Q A soil-bentonite slurry wall along the New Castle County sewer line, connecting with the
PRB.

Q A low permeability, single-barrier cap installed over the entire South Landfill and Basin
Road areas. The caps will be tied into the roadway with an asphalt overlap.

O Geomembrane, soil and stone placed along the riverbank for isolation, erosion control,
and vegetative restoration. -

Q Long-te itoring to ensur 1s protective.

The proposed{PRB tgfnedy provides a higher degree of overall protection of human health and
the environm an the alternates do. The PRB immobilizes barium and zinc, the migrating
contaminants. Additionally, the soil-bentonite slurry wall, PRB, riverbank stabilization, and cap
will isolate the waste, further reducing the potential for impact to surrounding groundwater,
wetlands, and the river. The low-permeability cap will prevent human exposure to contaminated
soil from the landfill and significantly reduce the potential for leaching by rainwater infiltration.
The niverbank geomembrane and stone will contain waste outside of the slurry wall and prevent
migration of contaminants to the river.

m

a

The proposed performance standards (see Section 5.3.2) will enhance the remedy’s
protectiveness. In the long term (as well as the short term), the PRB remedy is more protective
of human health and the ‘onment than the ROD or ESD remedies.
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SECTIONFOUR Comparative Evaluation of ROD and Riternate Remegies

4,2 NCP CRITERIA COMPARATIVE EVALUATION

-

4.2.1 Overall Protection of Human Healith and the Environment

The ROD, ESD and PRB remedies provide a high degree of overall protection of human ..eaith
and the environment. The ability of contaminants to migrate is significantly reduced by both
stabilization and capping or treatment and containment. Both caps are equally effective in
preventing human exposure to contaminated soil from the landfill. The low-permeability PRB
cap will effectively reduce rainwater infiltration and the potential to leach contaminants from the
waste, extending reactive wall life.

4,22 Compliance with ARARs

Most of the major ARARSs for the South Landfill are related to the protection of wetlands, with
the exception of Resource Conservation and Recovery Act (RCRA) Subtitle D closure
requirements and Delaware Regulations Governing Solid Waste (see Table 12 of the ROD). Ali
remedies meet their respective ARARs. Care will be taken during the design and construction to
prevent any adverse effects in the South Wetlands and the Christina River. Riverbank
stabilization ensures long-term containment of landfill material outside of the slurry wall and
sewer line. Soil placed along with the stone will encourage rapid vegetation of the intertidal
Zone.

4,2.3 Long-term Effectiveness

The PRB remedy has increased long-term effectiveness when compared to the ROD because it
chemically immobilizes the metals of concem, rather than merely reducing percolation (as
stabilization would have). Stabilization is susceptible to fracturing because of differential
settling that will create free pathways for unimpeded contaminant migration. The PRB remedy
has better long-term effectiveness than the ESD because it is designed for long-term migration
(hundreds of years) with materials that are either much less soluble (gypsum) or insoluble (iron).
The ESD treatment agents were extremely soluble, hence susceptible to flushing from the waste
by infiltration.

4.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment

The ROD remedy reduced the mobility of metais through soil stabilization with a cement-type
material that will increase the waste volume approximately 3 percent (15,000 cubic yards) (Kiber
2000). The ESD remedy reduced the mobility of metals by chemically locking (or by
immobilizing) the soluble constituents onto the landfill as insoluble precipitates by an even
larger (5 percent) volume increase (DuPont 1999). The PRB remedy also immobilizes migrating
metals, however, no volume increase will occur. Hence, the PRB remedy is more effective than
the ROD or ESD remedies for reducing mobility and volume.

i e
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SECTIONFOUR Comparative Evaluation of ROD and Alternate Remedies

4.2.5 Short-term Effectiveness

While all remedies are equally effective in the short term, the PRB remedy will be faster to
implement because of its proven installation methods. The PRB remedy will not disturb the
existing soil cover until the cap is installed. The ROD and ESD remedies will require two
construction seasons for implementation, including over 50 weeks for the soil mixing. The PRB
remedy will require one construction season to implement.

426 Implementability

The PRB technology is easier to implement than either stabilization or in situ chemical
treatment. The same conventional trenching methods will be used to install both the siurry watl
and PRB. DuPont has thoroughly evaluated the implementability of all three remedies and peer
reviewed the methods with remedial contractors. Soil mixing is much slower and must cover the
entire landfill, rather than just the circumference, even when multiple mixing units were
considered.

The ROD remedy will also greatly restrict and possibly halt traffic along Basin Road during -

significant periods of time. The PRB remedy would only restrict traffic in one direction (or -
another) for only a few weeks.

427 Cost

The cost for the ROD, ESD and PRB remedies were investigated in detail. Additional
treatability studies were pcrformed to confirm the cost of
was re-designed with soi

The table that follows summarizes the detailed cost estimates developed for , ESD, and
PRB remedies (see Appendix C). The current cost estimate for the ROD remedy is $16MM
The cost estimate {or the re-designed ESD remedy is $6MM (soil mixing, gypsum, and a single
barrier cap). The vstimate for the PRB remedy is $3MM.
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SECTIONFOUR Comparative Evaluation of ROD and Alternate Remedies

- COST COMPARISON
: ' - ROD, ESD and PRB Remedies -~ ' N
cItem . ROD Remedy - ESD Remedy " PRB Remedy -
: o (SMM) {SMM) . (SMM)
Site Preparation 0.2 0.2 0.2
Final Cover/Cap 0.4 1.3 1.3
Basin Road Excavation 1.5 0 0
Stabilization 9.8 0 0
Slurry (& PRB) Wall 0 0.2 0.6
Treatment 0 2.8 0
Cost Subtotal 11.9 4.5 2.1
Other Direct Costs 37 1.5 0.9
Construction Subtotal 15.6 6.0 30
Contingency (5%) 0.3 03 0.2
Total 16.4 6.3 32

4.2.8 State and Community Acceptance

DuPont expects that both the state and community will support the PRB remedy because of its
cost-effectiveness and reduced impact on Basin Road traffic.
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SECTIONFOUR Comparative Evaluation of ROD and Alternate Remedies

.4.3 SUMMARY OF COMPARATIVE EVALUATION

A summary of the comparative evaluation is provided in the table that follows. The PRB remedy
is an innovative technology that significantly immobilizes the contaminants migrating from the
South Landfill and ensures protection of human health and the environment. The PRB remedy
meets the EPA's preference for treatment without increasing waste volume. While offering an
improved level of protectiveness, significant cost savings will be realized.

RAOs Meets RAOs Meets RAOs Mects RAOs
Overall Protection of Reduces waste Immobilizes metals Immobilizes migrating constituents
Human Health and the permeability Isolates waste from Isolates waste from environmental
Environment Cap prevents human | environmental receptors receptors
exposure to waste Cap prevents human Cap prevents human exposure to
exposure to waste waste
Compliance with Meets ARARs Meets ARARs Meets ARARs
ARARs
Long-term Significantly decreases Chemically Provides extended capacity for 100's
Effectiveness permeability of waste immobilizes metals of years of immobilization.
Leaching potential will | Grouridwater extracted Waste physically contained.
increase with time to prevent migration to Groundwater migration controlled.
river or wetlands Rainwater infiltration minimized.
Waste permanently
contained
inwater infiltration
Uﬁ minimized
Reduction of Toxicity, Significantly rgduces obilizes metals Immobilizes metals
Maobility, or Volume permeability'of waste | Volume increase of 5% No volume increase
through Treatrnent Volume inc:ﬁ: 3%
Short-term Two yea~.___ |~ Two years to One construction season to
Effectiveness implementation ent implement
Never completely blocks traffic
Implementability Soil mixing proven Redesign with 50117 Proven methods.
\ mixing proven ~\ Less surface impact.
Cost $16 million N $6milbn  \ $3 million
State and Community Concerns raised during Likely supported \ Likely supported
Acceptance public comments
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SECTIONFIVE Remedial Goals and Monitoring System

The PRB remedy is consistent with the criteria set forth in 40 CFR Part 300, Section
430(e)(9)(iii)—the National Contingency Plan—and was developed to ensure that this
technology for the South Landfill is at least as protective of human health and the environment as
the South Landfill remedy mandated in the ROD and ESD. The proposed performance standards
are consistent with the remedy changes and eliminate standards that are no longer necessary.

The performance standards for the elements of the South Landfill remedy that are not changed

are not repeated in this section. .
20 . , .
Sections 5.1 and 5.2 pprlate p~iiormance standards for the containment system that

will physically separate the waste material and hydraulically control groundwater migration.

The performance standards for the proposed soil-bentonite slurry wall (see Section 5.1) are taken
from elsewhere in the ROD (Section 2.5—North Landfill Physical Barrier Wall) and EPA’s prior
decisions (EPA 1996a). The performance standards for the reactive barrier are proposed in
Section 5.2. The performance standards for the modified cap (see Section 5.3) are taken from
the ESD (Section 3.3—South Landfill Cap) and modified. Section 5.4 addresses additional
performance standards which should be modified or deleted.

5.1  SOUTH LANDFILL SOIL-BENTONITE SLURRY WALL CONTAINMENT BARRIER

5.1.1 Remedy Description

A soil-bentonite slurry wall will be constructed from the ground surface and keyed into the
aquitard that currently separates the waste material from the Columbia Formation sand. Figure [
shows the approximate slurry wall location. The slurry wall will be installed in the locations
along the river in the portion of the alignment within the waste and join the reactive section at
each end in order to form a continuous barrier.

5.1.2 Performance Standards

The performance standards for the South Landfill soil-bentonite slurry wall containment barrier
are as follows:

Q A soil-bentonite slurry wall will be constructed to extend from the surface to 3 feet into
the clayey silt layer below the waste. The slurry wall will be keyed into the reactive
section to create a continuous barrier. The approximate slurry wall location is shown in
Figure 1.

Q The soil-bentonite slurry wall will be 3 feet wide and have a permeability of
| x 107 cm/sec or less.
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SECTIONFIVE Remedial Goals and Monitoring System

5.2

5241

PERMEABLE REACTIVE BARRIER

Remedy Description

A permeable barrier, consisting of gypsum, zero-valent iron, and inert soil will be installed to
immobilize all constituents of interest except manganese migrating from the site. The wall will
be installed from the current landfill surface and keyed into the underlying marsh deposit.

5.2.2 Performance Standards

The performance standards for PRB treatment are as follows:

Q A trench will be constructed which connects with the slurry wall in the areas outside of~

5.3

5.3.

the landfill materials to create a circumscribing barrier which controls groundwater
migrating from the landfill. The trench will be 3 feet wide and be keyed into the
underlying marsh deposit.

The. trench will be filled with reactive agents and sand in a 100:20:5 weight ratio of
sand: gypsum: iron. -

foot centers. The wells will be screened across the entire reactive zone.

The monitoring wells will be sampled for the constituents of concern (barium, lead, zinc,
cadmium, manganese, copper and nickel) and iron on a monthly frequency for one year
and guarterly thereaﬁcr\Field measurements of pH, eH, and dissolved oxygen will also

be performed. e

SOUTH LANDFILL CAP

Remedy Description N l

A multilayer cap with a permeability of I x 10-7 cm/sec or less will be installed over the South
Landfill. The cap will include a geomembrane, protective soil, and topsoll, as shown in Figure 2.
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SECTIONFIVE - Remedial Goals and Monitoring System

9.3.2

Performance Standards

The performance standards for the South Landfill cap are as follows:

O

5.4

Prior to clearing and grubbing, 32 work-hours will be spent collecting and moving to a
new, similar environment any wildlife that is residing in areas to be affected by the
remediation.

A landfill cap will be installed that completely covers the portion of the South Landfill
with the exception of Basin Road. The engineering design will incorporate the road into
the cap design.

The landfill cap will be designed and constructed in such a way as to limit, to the
maximum extent practical, any encroachment on the South Wetlands or the Christina
River.

The landfill cap will incorporate a single barrier layer and have a maximum permeability
of 1 x 107 cr/sec or less.

The landfill cap will be designed and constructed to function with minimum
maintenance; to promote drainage and minimize erosion or abrasion of the cover; and to
accommodate settling so that the cover's integrity is maintained.

The landfill cap will be revegetated in such a way as to provide a high-quality wildlife
habitat, to the maximum extent practical, without attracting burrowing animals that could
endanger the low-permeability layer. The types of vegetation will be identified in the
remedial design.

A cap for the intertidal riverbank area will consist of geosynthetic membrane, stone and
soil to control erosion and isolate the river from the landfill.

ADDITIONAL PERFORMANCE STANDARDS TO BE MODIFIED OR DELETED

With the selection of the PRB remedy, the following performance standards can be modified
while continuing to ensure protection of human health and the environment. -

3338 Modify to allow cap to tie into Basin Road and not be constructed v
under the road. -

339 Modify to allow geocomposite clay liner. ~_

3.6.1 Modify to allow PRB section and groundwater migration. > T

With the selection of the PRB remedy, the following performance standards are no longer
needed.

Ll
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SECTIONFIVE Remedlal Goals and Monitoring System

3.8.1 Specifies sodium sulfate and sodium sulfide to treat waste material.

3.8.2 Specifies use of a “no-till subsoiler” for application of treatment materials.

383 Specifies a irrigation to supplement rainfall.

3.8.4 Specifies containment of infiltration water.

3.86 Specifies treatment to continue until excess treatment ions are observed in
monitoring wells.

3.8.7 Specifies treatment extent.

3.8.8 Specifies air monitoring for hydrogen sulfide odors.

3.89 Specifies calculation of theoretical agent demand.

3.3.10 Specifies cap to be constructed under Basin Road.

3.7.1 Specifies groundwater pump and treat system,

through

3.7.5

In addition, other standards may need minor modification or further discussion with EPA to
ensure the remedy is consistent with the performance standards and vice versa.
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SECTIONSIX Conclusions and Recommendations

6.1 CONCLUSIONS

The PRB remedy, consisting of a permeable reactive and slurry wall, nverbank stabilization with
geomembrane, single barrier cap, and monitoring, meets all nine NCP selection criteria and is a
superior alternative to both the ROD and ESD remedies.

6.2 RECOMMENDATIONS

DuPont recommends conditional approval of the conceptual design presented in this report.
Approval is conditional on DuPont’s demonstration that manganese levels in groundwater
migrating from the wall are reduced by sub-surface conditions to background levels. Water wili
“reequilibrate” with natural conditions in the aquifer downgradient of the wall i.e., background

levels.
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June 28, 2000

To: P. Brandt Butler
CRG/WCD

From: John A. Wilkens
CR&D

Newport South Landfill: |
Laboratory Development of Data for a
Permeable Reactive Wall

Permeable Reactive Wall -- Developmental Basis

A permeable reactive wall (PRW), a.k.a. permeable reactive barrier, is an underground
emplacement of reactive material in the path of flowing groundwater, such that aqueous
contaminants are removed or destroyed as groundwater passes through the wall. Many
metals can be removed by precipitation or sorption. Such a wall would be two- to three-
feet thick, and deep enough to key into impermeable clay layers at the base of an aquifer.
It would circumscribe the South Landfill except in the area where there would be a
barrier slurry wall. Once emplaced, a wall requires virtually no routine maintenance, just
monitoring of the external groundwater for performance confirmation.

To determine whether PRW technology would work for barium and zinc removal from
the Newport South Landfill, a series of batch and column experiments was performed in
the laboratory. First, scouting batch tests were made to see what materials had the
capability to remove the metals. Two materials, gypsum (CaS0,4.2H,0) and zero-valent
iron showed excellent removal properties for barium and zinc, respectively. These were
then used in continuous-flow column tests to demonstrate their effectiveness together and
with the sand that would make up the bulk of the PRW. Wall life projections were then
made based on the column tests and flows through the PRW under assumptions of
different landfill cap configurations.

As a final technology demonstration, we employed a significant new in-situ fieid test that
has been demonstrated by the U.S. EPA and DuPont. A 12-inch diameter column of the
PRW sand:gypsum:ZV] mix was emplaced in the ground in the presence of contaminated
groundwater. Central in the column was a one-inch monitoring well. Performance was
determined by sampling the core water that had passed through six inches of reactive
material. The results of this test further validate the laboratory projections.
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Laboratory Batch Tests -- Procedures

Batch tests were employed for screening reactive materials for use in a Permeable
Reactive Wall. Two types of water were tested, representing areas of high bartum or zinc
concentration. Appropriate materials were used for each removal action:

» Water from a barium-rich zone within the South Landfill
= Material: CaSO,.2H,0 (gypsum)
» Water from a zinc-rich zone within the South Landfill
* Matenials: Zero-valent iron, millscale, steel slag, iron sulfide

These tests covered a broad range of concentrations for each reactive material, to
determine the level at which each would potentially become effective. Reaction times
were standardized at 24 hours; experience with kinetics experiments showed that this was
a good measure of relative performance. Groundwater and materials were put in 125 cc
polypropylene bottles, the headspace purged with nitrogen, and then agitated end-over-
end for 24 hours. Samples of the liquid phase were then passed through a 0.45-micron
filter and analyzed for the constituents of interest. Control samples followed the same
procedures except that no material was added.

Analvtical Procedures

Sample analyses were performed by DuPont’s Corporate Center for Analytical Sciences:

» Barium and zinc were analyzed using ICP-AES (inductively coupled plasma --
atomic emission spectroscopy) down to 100 ppb and 25 ppb, respectively.

» Other metal concentrations were determined using ICP-MS 1o the following levels
(ppb): aluminum 100, cadmium 4, calcium 100, copper 4, iron 100, lead 4,
magnesium 100, manganese 100, nickel 100, potassium 100, and sodium 100.

» Anion concentrations were determined using IC (ion chromatography) down to 500
ppb: sulfate, chloride, fluoride, ritrate, nitrite, and phosphate.

Laboratory Batch Tests -- Resulis

Barium concentrations were reduced from 290,000 ppb to less than 500 ppb by the
addition of 0.5 weight percent of CaS0,4.2H;0, through the precipitation of BaSQ,. This
was substantially lower than the required 7,800 ppb standard. Additional gypsum
concentrations decreased barium levels to a minimum of approximately 150 ppb;
illustrative results are shown in the following table:

AR32L398A
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Wt. % CaS0.2H,0 | Barium conc., ppb |
0 290,000
.5 492
1 416
4 224
9 177
29 143

Zinc concentrations were readily reduced from approximately 1000 ppb to less than 10
ppb (vs. a goal of 120 ppb) by several materials, including zero-valent iron (Peerless -8
+50 mesh), iron sulfide, steel-process mill scale, and steel slag, with the first two
showing exceptional activity. Zero-valent iron, used as a PRW additive for chromium
removal and dechlorination of organics, performed very well for zinc removal. The
mechanism is not the cementation as in copper removal, but is probably sorption onto
hydrous iron oxides surfaces. The performance of zero-valent iron is shown in the table
below:

Wt. % ZVI Zinc conc., ppb
0 1020
5 38
1 39

2 and higher <10

Of the other metals of concern, cadmium, copper and lead were less than the detection
limits of 4 ppb in both feeds and treated waters. Nickel was less than the goal of 73 ppb
in feeds and all treated waters, and was reduced in all cases except mill scale. Manganese
was generally not reduced by the materials, and in some cases showed increases,
although below the limit of 1000 ppb.

Laboratory run sheets follow for the independent batch experiments with gypsum for
barium removal and zero-valent iron for zinc removal. They give full details of the
experimental conditions and the concentrations of metals found at all levels of gypsum
and ZV1T addition.
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Laboratory Column Tests - Procedures

Continuous-flow column tests were then run to determine the performance over time of a
proposed reactive wall mix on the South Landfill groundwater. Two independent tests
were run, on barium-rich and zinc-rich waters. These waters were taken from the
highest-concentration wells for barium and zinc in the current ficld sampling, and
differed from the sources (no longer available) used for the batch tests.

A standard Delaware Department of Transportation material, mason sand, was chosen as
the base material for the PRW. From permeability data (developed by Kiber
Environmental}, it was determined that 20 weight percent gypsum could be mixed with
the mason sand and maintain a permeability (6 x 10 cm/sec). This is greater than that of
the landfill material, and thus will permit flow of groundwater out of the landfill. The
composition of groundwater leaving the landfill at any point is not known with certainty,
s0 that it is not possible to delineate zinc-removal and barium-removal portions of the
PRW. Consequently, one wall composition was chosen to accommodate both the worst-
case bartum and zinc levels. Based on the batch tests and a projection of reactant needs,
a mix composition was chosen with parts by weight of:

Sand : Gypsum : ZVI = 100:20:5.

For the laboratory experiments two independent column tests were run concurrently, one
with barium-rich feed water and one with zinc-rich feed water. The supply reservoirs
were nitrogen blanketed with a positive-flow purge. Each test consisted of a reactive
column filled with the above mix, and a control column filled with sand alone. The
vertical Lucite® columns were 2-inches inside diameter. Reactive sections were eight
inches long, with one inch of pure sand above and below the mix, and glass wool at the
entrance and exit. The control columns contained ten inches of sand. An upward flow of
groundwater was maintained at 500 cc/day through each column using low-flow
peristaltic pumps, giving a throughput of four active void volumes per day.

Flow pressure drops across the reactive columns were measured to determine the
permeability of the columns, and to project whether there would be a decrease in
permeability as a PRW ages. For this, pressures were measured at the entrance and exit
points of the reactive sections by independent manometers. This arrangement is
illustrated in the drawing that follows.
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Laboratory Column Tests -- Apparatus

Overview of column apparatus, showing
two independent, concurrent tests. Left
(zinc-rich) water reservoir fed left two
columns, right (bariumn-rich) reservoir fed
right two columns.

Nitrogen blanket over feed reservoirs was
maintained by continuous low flow and
exit bubblers filled with mineral oil.
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The feed flow to each (Ba, Zn) system was
maintained by a peristaltic pump with Jow-
flow heads. A rate of 500 cc/day/column
gave four reactive void volumes of flow
per day.

Zinc columns, with the reactive unit on t?
right. Eight inches of reactive mix was
preceded and followed by one inch of pure
sand. Plastic mesh spacers separated
reactive mixes from pure sand, and glass
wool was used at the inlets and outlets. For
the control column, a sand bed 10 inches
deep was used. A small amount of the
gypsum formed small balls, seen as white
spots, while most was uniformly dispersed
throughout the column.

Barium columns quickly turned dark gray
in operation; the water gave off a strong
sulfide odor. Manometer tubes were later
inserted in the upper and lower ports of the
reactive columns to determine the pressure
drop across the reactive bed.
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Newport South Landfill Column Test

Column Pressure Drop Measurements

| -
Pouilel
QOutlet
Flow
Piniet
Inlet Flow
NOTES:

YV VY v

v

Pressure drop across column
= Pintet = Poutlet

Independent water manometers were used for pressure measurements at inlet and

outlet taps
Outlet flow is at the level of Pouger
Distance between Pgyer and Pine; = 8 inches

Sand beds: 8 inches of reactive bed, with 1 inch of sand above and below reactive

section

Inlet and outlet taps are within sand beds, as close as possible to the beginning and

end of reactive sections
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Laboratory Column Tests -- Results

Barium removal was readily accomplished from both the barium-rich and zinc-rich
groundwaters. With the barium-rich feed, 500,000 ppb Ba was reduced to 1,000 ppb.
With the zinc-rich feed, 70,000 ppb Ba was reduced to 100 ppb. These results were
consistent over the one-month test, and demonstrate barium removat to well less than the
7,800 ppb limit.

Zinc removal was difficult to quantify due to analytical complexities (possible
interferences, etc.), but the performance was clear. The zinc-rich water feed varied
erratically from 100 to 1000 ppb Zn. Regardless of the input level, the zinc was
consistently reduced to non-detect (25 ppb) in both the active and control columns over
the one-month test. Thus zinc levels were well below the standard of 120 ppb. With the
barium-rich feed water, no zinc was detected in the feed or effluent streams. This was
consistent with the strong sulfide odor of this water, which implied that zinc had been
precipitated in-situ as the sulfide.

Of the other metals of concern, like with the batch tests, cadmium, copper and lead were
less than the detection level of 4 ppb in both feeds and treated waters. Nickel, at about 10
ppb in feeds, was less than 30 ppb in effluents, well below the goal of 73 ppb.
Manganese, up to 0.1 ppm in feeds, was observed in zinc water columnn effluents at 0.2 to
8 ppm, and in barium water column effluents at 0.2 ppm to non-detect (10 ppb).

Reactive column flow pressure drops were used to calculate the column material
permeabilities after 45 days of flow. The hydraulic conductivities were 2.2 x 10 and 2.6
x 10™* cm/sec for the zinc and barium columns, respectively, the same magnitude as the
fresh mixture tested by Kiber Environmental, ~6 x 10™ cm/sec. No permeability
decrease was thus observed over many simulated wall lifetimes, and wall plugging
should not occur.

Data sheets follow which show the progress through the continuous column tests. First is
a table of the results from the zinc-rich water test, then one for the independent barium-
rich water test. These follow zinc and barium removal, for which analysis was regularly
done. Third is a pair of tables showing the full scan of metals analysis, which was done
for a few days.
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Newport South Landfill
Barium and Zinc Removal Column Tests

Date Run Zinc Water Columns {from well RDW-1)
Day E trol
Bappb } Znppb | Bappb | Znppb | Bappb | Znppb
3-18 2 70,500 nr 4,830 nr 640 n
3-19 3 68,500 nr] 29,300 nr 480 o,
3-20 4 72,500 o] 53,500 o 453 nr
3-21 5 70,000 nr 59,000 nri nr nr
3-22 6 74,600 168] 61,800 nd| 114 nd
3-23 7 74,600 158] 64,000 nd| nr nd
3-24 8 68,000 g27] 94,700 nd] 183 nd]
3-25 9 72500  1,710] 70,000 nd| 109 nd}
3-26 10 71,500 as0] 66,400 nd 113 nd|
3-27 11 74,600 368l 82,100 nd 87 nd|
3-28 12 71,800 195] 56,100 nd 173 nd
3-30 14 72,400 a26] 56,100 nd} 173 nd
3-31 15 79,300 o66| 62,200 nd] 91 nd]
4-3 18 55200 1,050 73,000 nd| 96 nd]
4-5 20 54,000 540] 53,000 nd| 80 nd
4-7 22 49,400 67] 44,600 nd] 133 nd
4-10 25 54,400 ass| 55,000 nd 66 nd
4-12 26 56,800 163] 52,400 nd 48 nd
4-14 29 70,500 s7] 52,700 ndl <100 nd|
KEY:

Feed = Supply reservoir for both Control and Reactive Columns

Control = Exit {top) concentration from column filled with 100% sand

Reactive = Exit {top) concentration from column filled with reactive materiais in sand
nd = non-detect (25 ppb) for zinc

nr = no meaningful anatytical result
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Newport South Landfill
Barium and Zinc Removal Column Tests

Date Run o ..-Barium Water Columns (from well ROW-2)
Day Ff il

. Ba Zn Ba ppb Zn ppb Ba ppb Zn ppb

3-18 2 496,000 nd] 214,000 nd 1,110 nd}
3-19 3 518,000 ndl 473,000 nd 1,100 nd}
3-20 4 _ 551,000 nd| 509,000 nd 800 ndl
3-21 5 601,000 nd| 464,000 nd]l 1,000 nd]
3-22 6 600,000 nd| 564,000 nd| 328 nd|
3-23 7 417,000 ndl 475,000 nd| 344 nd|
3-24 8 293,000 nd] 281,000 nd| 446 nd|
3-25 9 421,000 nd| 418,000 nd| 609 nd|
3-26 10 430,000 nd] 377,000 nd| 617 nd|
3-27 11 441,000 nd] 416,000 nd| 661 nd
3-28 12 402,000 nd| 383,000 ndl 1,000 nd
3-30 14 426,000 nd| 439,000 nd] 1,160 nd
3-31 15 513,000 nd| 546,000 ndl 1,190 nd]
4-3 18 617,000 nd| 381,000 nd| 1,000 nd|
4-5 20 587,000 nd| 549,000 nd| 863 nd|
4-7 22 392,000 nd| 448,000 nd|_ 692 nd|
4-10 25 348,000 nd| 348,000 nd| 824 nd
4-12 26 372.000 nd| 395,000 nd| 824 nd|
4-14 29 420,000 nd| nr nd| nr nd|

KEY:

Feed = Supply reservoir for both Control and Reactive Columns
Control = Exit (1op) concentration from column filled with 100% sand
Reactive = Exit (top) concentration from column filled with reactive materials in sand
nd = non-detect {25 ppb) for zinc

nr = no meaningful analylical result

AR3244 10
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Newport South Landfill laboratory Column Test
Full Metals Analysis, ppb

Run Day 9 ]
Zinc Water Barium Water
Feed Control | Reactive Feed ][ Control | Reactive
Na 54,345 _ B3,379 83,342 8,218 10,526 11,300
| Mg 18,393 30,026 27,821 118 <10 <10
Al <10 19 17, <10 <10 20
K 4,875 6,363 6,480 300,088 33,456 33,863
Ca 69,008 65,235 606,986 7,058 8,726 5921 TBI
Mn 114 <10 583 <10 <10 <10}
Fe <10 408 3,646 <10 <10 3,381
Ni 12 <4 22 <4 <4 19]
Cu <4 57 <4 <4 <4 <4
Cd 15 <4 <4 <4 <4 <4
Pb <4 <4 <4 <4 <4 <4
Run Day 20 |
Zinc Water Barium Water
Feed Control | Reactive Feed Control | Reactive

Na 41,450 66,207 67,420 7,699 11,193 11,984
Mg 15,252 22,040 23,177 153 <10 <10
Al <10 15 <10 <10 <10 32
K 4,094 5,459 5,627 34,262 40,116 40,084
Ca 52,190 51,919 599,024 7,553 8,304 581,750
Mn 62 <10 209 <10 <10 <10
Fe 375 2989 3,613 <10 <10 3,436
Ni 1 <4 19 <4 <4 19
Cu <4 <4 <4 <4 <4 <4
Cd <4 <4 <4 <4 <4 <4
Pb <4 <4 <4 <4 <4| <4
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Wall Life Projections

Four components control wall life. Permeability maintenance, addressed above, was
determined to be good. Gypsum levels must be adequate for both barium removal and to
accommodate losses due to solubility in the effluent water. Iron levels must be adequate
for removing zinc. The column tests were a definitive physical demonstration that all
four parameters were more than adequate and would perform together as a whole.

The key to wall life projections is the amount of groundwater which will pass through the
wall, requiring treatment. This groundwater flow is controlled by the nature of the
landfill cap, and wall life was projected for different landfill cap configurations. The
cap/infiltration performance was calculated using the HELP (Hydrologic Evaluation of
Landfill Performance) Model. The table below shows rainwater infiltration rates to the
landfill through the cap, the corresponding wall fluxes, the field years simulated by each
day of laboratory operation, and the wall life projected after 29 days of laboratory column
operation. These cases represent a wall only eight inches thick, the length of our active
column. In practice, the wall will be two or three feet thick, thus giving an additional life
factor of at least three times the lifetimes given below.

Cap Case Infiltration Wall Flux, Field Years/ | Wall Life,
Rate, cm’/cm?/day Lab Day Years
in. H,O/yr
Current Conditions (3 ft. soil) 6 1.24 054 1.5
[base case -- no cap}
Asphalt (4 in.) + Stone (8 in.) 0.1 0207 3.27 90
Soil (18 in.) + Bentomat 0.02 00413 16.4 450
Field Well-Column Test

As a final technology demonstration, we employed a significant new in-situ field test
methodology that has been demonstrated by the U.S. EPA and DuPont. A 12-inch
diameter column of the PRW sand:gypsum:ZVI mix was emplaced in the ground in the
presence of contaminated groundwater. Central in the column was a one-inch monitoring
well. Metals removal was determined by sampling the core water that had passed
through six inches of reactive material. Accelerated wall life was simulated by drawing
water from the central well. The results of this test further validate the laboratory
projections. Detailed results of this field pilot are reported separately.

AR32LY12
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OBJECTIVE

The objective of this analysis 1s to estimate the average annual infiltration for the capping systems

considered for the South Landfili facility. The caps are as follows:

Case t: 6" of topsoil
Case 2: 6" of topsoil Case 2-1: 6" of 1opsoil
127 of barrier soil 127 of fill
12" of barrier soil
Case 3: 67 topsoil Case 3-1: 6" topsoil
bentonite mat 127 of fill
bentonite mat
Case 3a: 6 topsoil Case 3a-1: 67 topsoil
drainage net 127 of fill
bentonite mat drainage net
bentonite mat
Case 4: 47 asphalt Case 4-1: 4" asphah
87 stone 87 stone
svnthetic liner 24" of waste
bentonite mat
Case 4a: 47 asphalt Case 4a-1: 47 asphalt
8" stone 8" stone
drainage net drainage net
svnthetic liner 24" of waste

bentonite mat

Case 5: 67 of topsoil
127 of fill
svnthetic liner
127 of barrter soil

Case 5a: 6~ of topsoil
127 of fill
drainage net
svnthetic liner
127 of barrier soil

Case 6 Existing cover of 57 of silty/clayey soil
Note that the only difference between cases 3, 4, § and 3a, 4a. 5a is the presence of the drainage net.
Cases 2-1. 3-1 and 3a-1 are introduced to investigate the effect of an additional 12" layer of fitl on
Cases 2. 3 and 3a. Cases 4-1 and 4a- | differ from Cases 4 and 4a in that they lack the synthetic liner

and the bentonite mat. The layer of waste in Cases 4-1 and 4a-1 is introduced because a lateral
drainage laver. such as stone or drainage net, can not be the lower-most layer in HELP.

“URS_BUFF2SYSIEXCHANGE\EXCHANGE\Wokasien, John\DuPont_southlandfill _infiltrl.doc

07/05/00 7:42 AM
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DESIGN DATA
Climatological data

Climatological data was selected from the HELP data base for the tocation of Wilmington, DE. The
daily precipitation, temperature and solar radiation input was generated synthetically for the period of
100 years.

Evapotranspiration data

Evapotranspiration parameters pertaining to the climatological data are obtained from the HELP data
base for the location of Wilmington, DE.

In typical topsoils vegetated with grass, the evapotranspiration zone depth in relatively moist climates,
such as in Delaware, is likely to be approximately 21 inches. Value of 21 inches was used in this
calculation. However. the thickness of the zone available for the root growth is less than that for all
cases considered in this analysis, except for Cases 2-1 and 6. For the remaining cases either the entire
thickness of the cap is less than 21 inches or the thickness available for root growth is limited by the
presence of the bentonite mat or a synthetic liner. Therefore, the actual depths of the
evapotranspiration zone are:

Case |: d = 6 inches

Case 2: d = 18 inches
Case 2-1. d =21 inches
Case 3: d = 6 inches

Case 3-1: d = 18 inches
Case 3a: d = 6 inches

Case 3a-1: d = 18 inches
Case 5: d = 18 inches
Case 3a: d = 18 inches
Case 6: d = 21 inches

Note that the details of the cap construction are not yet specified. f fill is placed to create a uniformly
eraded subgrade. the evapotranspiration zone may extend deeper into the fill. Also. depending on the
nature of the waste. the root growth may occur within the waste itself. For this analysis. it was assumed
that there is no grading fill, and that the roots will not grow into the waste.

The cap configuration in Cases 4, 4-1, 4a and 4a-1 is different from the remaining cases because the
surface ts covered with asphalt. This. for all practical purposes. eliminates the evapotranspiration.

Therefore. only a nominal evapotranspiration zone was assumed (d = 0.1 inches).

The maximum leaf area index was selected to be 2.0, based on the typical value for the poor to fair
stand of prass.

LAl =20

For the asphalt cap, the maximum LAL is zero (no vegetation).

Q:EXCHANGE"Wokasien. John\DuPont_southlandfill_infiltr1.doc
07/03/00 738 AM
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Runoff parameters

1t was assumed that the typical slopes of the landfill surface will be 4 percent. and that surface water
collection swales will be located every 200 feet. The surtace type for the calculation of the CN curve
number was based on a poor stand of grass.

S=4%

L = 200 feet
Poor grass

For the asphalt cap. the CN number was user-specified at the value of 95. This was assumed based on
the TR35 guidance for asphalt parking lots.

Soil data

Soil and material types were selected frorny the HELP data base. Properties are listed in Table 4 of the
HELP manual. Short descriptions are provided below:

Existing soil: HELP soil type #12, silty clay

Topsoil: HELP soil type #6, sandy loam

Fiil: HELP soil type #4, loamy sand

Barrier soil: HELP soil type #16, barrier soil (clay). hydraulic conductivity = 1*10"" cm/s
Stone: HELP soil type #21, gravel

Bentonite mat:  HELP mateniai type #17
Synthetic linerr  HELP material type #36, LDPE, 40 mil, good quality installation
Draimage net: HELP material type 420

Asphalt was modeted by assuming that its properties are similar to those of a barrier soil layer (HELP
soil #16). This is probably a good assumption regarding hydraulic conductivity (on the order of 107
cm/sec). Remaining soil properties. such as wilting point and field capacity, are probably not relevant
10 asphalt.

The waste was modeied as a clayey soil with the hydraulic conductivity of 1.7¥107 cm/s (HELP soil
=13)

(2 EXCHANGE\Wokasien. Johm\DuPont_southlandfilt_infiltr1.doc
07:05/00 7:38 AM
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* % * %
* % %* %
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE * ok
* * HELP MODEL VERSION 3.05 (30 MARCH 199€¢) *k
* % DEVELOPED BY ENVIRONMENTAL LABORATORY * %
* % USAE WATERWAYS EXPERIMENT STATION * %
* % FOR USEPA RISK REDUCTION ENGINEERING LABORATORY * %k
* * ’ * &
* % * %

L E R R R R R RS R R R EEEE R R RS SSR RS SRS R RS R ERR R R AR RS SRR R RS SR RRSRRd R R R R AR RS R R,
I E SRR EEEREER SRR EE RS ARRARRER SRS R RS RS R AR AR SR SRR RR R SRRl SlRRRRRRRRRRRRER SR &

PRECIPITATION DATA FILE: C:\HELPB\predupl.D4
TEMPERATURE DATA FILE: C:\HELP3\temdupl.D7
SOLAR RADIATION DATA FILE: C:\HELP3\Sordupl.Dl3
EVAPOTRANSPIRATION DATA: C:\HELP3\evadupl.Dl1l

SOIL AND DESIGN DATA FILE: C:\HELP3\capdup3a.D10
OUTPUT DATA FILE: C:\HELP3\cutdup3a .OUT
Oolvp 3a -

TIME: 14:32 DATE : 3/20/2000

& k% ke kg e e e o e o ok ok ok

X R E R EEEES RS LSRR R RS S SRR R R RS RS R EREREEEESES

rainage net,
ated

- 6" topsoil, 12" fill,
bentonite mat, wve

TITLE: DuPont S. Landfill Case 3a

I E R EEREEESEEASEEEEAR AR SRR R A SRS RENE SRR EESER SR I E X EE S X ERE S SRR EEE S &R &4

NCTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 6

THICKNESS = €.00 INCHES
POROSITY = 0.4530 VOL/VOL
FIELD CAPACITY = 0.1900 VOL/VOL

0.0850 VOL/VOL
INITIAL SOIL WATER CONTENT 0.1877 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.720000011000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

AR324L 19
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TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 4

THICKNESS = 12.00 INCHES

POROSITY = 0.4370 VOL/VOL
FIELD CAPACITY = 0.1050 VOL/VOL
WILTING POINT = 0.0470 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1841 VOL/VOL

EFFECTIVE SAT. HYD. COND.

0.170000002000E-02 CM/SEC

TYPE 2 - LATERAL DRAINAGE LAYER

MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
PCROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1107 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 4.00 PERCENT
DRAINAGE LENGTH = 200.0 FEET
LAYER 4
TYPE 3 - BARRIER SOQIL LINER

© MATERIAL TEXTURE NUMBER 17
THICKNESS = 0.30 INCHES
POROSITY = 0.7500 VOL/VOL
FIELD CAPACITY = 0.7470 VOL/VOL
WILTING POINT = 0.4000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL

EFFECTIVE SAT. HYD. COND.

0.300000003000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: §SCS RUNOFF CURVE NUMBER WAS COMPUTED

FROM DEFAULT

SOIL DATA BASE USING SOIL TEXTURE # 6 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 4.%

AND A SLOPE LENGTH OF 200. FEET.

SCS RUNOFF CURVE NUMBER = 80.
= 100,

FRACTION OF AREA ALLOWING RUNOFF

60
0 PERCENT

AR32u420
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AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZCONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

TR TR O TR

OQWWOoORKR®RW®OK

. 000

. 357
.132
L075
.000
.582
.582
.00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

WILMINGTON DELAWARE

STATION LATITUDE

MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE ANNUAL WIND SPEED

AVERAGE 15T QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

|| 1 | V| | | I

39
2

18.

9.
67.
&7.
72.
71.

ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

.80 DEGREES
.00

107

298

2 INCHES
20 MPH

00
00
00
00

L o

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR WILMINGTON

DELAWARE

NORMAL MEAN MONTHLY PRECIPITATICON {INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT
3.11 2.99 3.87 3.39
3.90 4.03 3.59 2.89

MAY/

NOV JUN/DEC
23 3.51
33 3.54

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FCR WILMINGTON

DELAWARE

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT
31.20 33.20 41.80 52.40
76.00 74.80 67.80 56.30

MAY/

NOV - JUN/DEC
20 71.20
60 35.50

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR WILMINGTON

DELAWARE

AND STATION LATITUDE = 39.80 DEGREES
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

PRECIPITATION o
TOTALS 3.28 2.98 4.08 3.39 3.39 3.46
3.88 3.97 3.47 2.85 3.12 3.35 :
i
STD. DEVIATIONS 1.67 1.45 1.88 1.46 1.63 1.83
1.87 2.39 2.16 1.84 1.64 1.72 -y
RUNOFF g
TOTALS 0.663 1.173 0.609 0.018 0.021 0.049 °
0.078 0.107 0.130 0.070 0.046 0.167
STD. DEVIATIONS 0.923 1.214 1.010 0.050 0.056 0.121
0.215 0.226 0.245 0.192 0.112 0.433
EVAPOTRANSPIRATION .
TOTALS 0.819 0.785 2.316 3.138 3.331 3.732
3.378 3.161 2.589 2.068 1.245 0.931
STD. DEVIATIONS 0.278 0.418 0.424 0.763 1.139 1.301 ¢
1.287 1.204 0.967 0.797 0.232 0.177

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 1.2455 0.9202 2.3992 0.7372 0.3231 0.2815 .
0.1429 0.4367 0.7339 0.6082 1.0277 1.6761 |
STD. DEVIATIONS 1.3671 1.1513 1.6261 0.8390 0.5210 0.5400

0.3116 0.9148 1.0661 0.9960 1.287¢% 1.4233

TOTALS 0.0024 0.0015 0.0036 0.0027 0.0018 0.0007
0.0003 0.0008 0.0014 0.0012 0.0021 0.0033
STD. DEVIATIONS 0.001s6 0.0015 0.0011 0.0010 0.0012 0.0009
0.0005 0.0012 0.0015 0.0014 0.0016 0.0014

------------------------------------- AR32LL22



AVERAGES 0.
0.0062

STD. DEVIATIONS

0533

0.0585
0.

0134

0.0440
0.0188

0.0551
0.0394

0.1037
0.0327

0.0703
0.0475

.0328
.0262

[ B}

0.0374
0.0429

0.0135
0.0458

0.0225
0.0574

0.0126
0.0723

0.0241
0.0614

LA SRS SRS ERERERR RSl R SRR Es Rl R R ARl RS R SRl SRR R RS R AL RS

I ZE SRR EE RS A SRS SRS ERR SRR ERRERE R RRRRE RS R REsSR R R R RRRRERRREEEEREEEEERETEEET EERE S

AVERAGE ANNUAL TOTALS &

(STD. DEVIATIONS)

100

PRECIPITATION
RUNOFF
EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH

LAYER 4

AVERAGE HEAD ON TOP
OF LAYER 4

CHANGE IN WATER STORAGE

INCHES

41.20 (

3.133 (
27.494 {
10.53222 ¢

0.02197 (

0.039 {

0.000 (

FOR YEARS 1 THROUGH
CU. FEET

6.096) 149568.3
2.1088) 11371 .43
3.4881) 99803.07
3.61431) 38231.949
000518) 75.747
0.013)

1.0649) 0.02

66.727

25.56152

0.05332

0.000

IR R EEEEEREEASER AR AR EEA SRS AR AR R R RS RRRE R RS s SRR RSl AR SRR ESsERE SRSl RS
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(INCHES) (CU. FT.)

PRECIPITATION s.26 19093.801
RUNOFF 3.034 11012.0889
DRAINAGE COLLECTED FROM LAYER 3 1.63809 5946.27100
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000858 3.11324
AVERAGE HEAD ON TOP OF LAYER 4 2.263
MAXIMUM HEAD ON TOP OF LAYER 4 3.926
LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 20.4 FEET
SNOW WATER 6.60 23975.8555
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3173
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0591

***  Maximum heads are computed using McEnroe's equations. **=
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering
Vol. 118, No. 2, March 1993, pp. 262-270.

tE RS SRS REEEEERERESEEERREEERSRREERERSERElRRRREAREERSEERERAEEREEEREYEERRARR NS R R RREN:
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FINAL WATER STORAGE AT END OF YEAR 100

LAYER {(INCHES) (VOL/VOL)

1 ©1.1240 0.1873

2 2.2118 0.1843

3 0.0223 0.1113

47 0.2250 0.7500
SNOW WATER 0.000

khkhkkhhdkhkhkhkkrhhkdrdkhdthkdhkhhdbdrdhhrhkdbdhkhbhbhdhhhdbhhddkkrkhhdrdhddkdhdkhhkhhkddhdddddhhdohdhkhkdhhan
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* % HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **:§
* ok HELP MODEL VERSION 3.05 {30 MARCH 1996) *x !
* * DEVELOPED BY ENVIRONMENTAL LABORATORY * % ‘y
* % USAE WATERWAYS EXPERIMENT STATION *%x
* % FOR USEPA RISK REDUCTION ENGINEERING LABORATORY. LR
* % * %

* * ' **?¥

I EEEEE S S S S R EREE R R SRR SRR S AR R Rl Rl RSl Rt Rl E Rl RS EElERR R NN ] ;
*****************************************************************************.ﬂ'

PRECIPITATION DATA FILE: C:\HELP3\predupl.D4 .
TEMPERATURE DATA FILE: C:\HELP3\temdupl.D7 'E
SOLAR RADIATION DATA FILE: C:\HELP3\sordupl.Di3 }
EVAPOTRANSPIRATION DATA: C:\HELP3\evadupl.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\capdup6.D10 f
OUTPUT DATA FILE: C:\HELP3\outdupé.0UT ;
z
TIME: 11:52 DATE: 2/21/2000 ‘

Bt

LA A AR SR EEEEEEESEERERRRS LSRN EEEE SRS ESESE

e g % de de e vk de oo v de g ok R ek ok ok % ok %

TITLE: DuPont S. Landfill Case - Existing conditicns (5 £t of soil}

LA AR EREEEEESEESEEEEREREREELEEELLRE R R AR SRR R R R R R R R RN LR R RE R TR EEL LR L R FE

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

—

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12

60.00 INCHES

0.4710 VOL/VOL

0.3420 VOL/VOL B

0.2100 VOL/VOL :
INITIAL SOIL WATER CONTENT 0.3928 VOL/VOL .
EFFECTIVE SAT. HYD. COND. 0.419999997000E-04 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00 :

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. -4

AR32LL26 g

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #12 WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 4.%
AND A SLOPE LENGTH OF 200. FEET.

SCS RUNOFF CURVE NUMBER

91.80
FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE .1.000 ACRES
EVAPORATIVE ZONE DEPTH : 21.0 INCHES

7.588 INCHES
9.891 INCHES
4.410 INCHES
0.000 INCHES
23.566 INCHES
23.566 INCHES

0.00 INCHES/YEAR

INITIAL WATER IN EVAPCRATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

v mwwn /o

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

WILMINGTON DELAWARE
STATION LATITUDE = 39.80 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 107
END OF GROWING SEASON (JULIAN DATE) = 298
EVAPORATIVE ZONE DEPTH = 21.0 INCHES
AVERAGE ANNUAL WIND SPEED = $.20 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = §£7.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 72.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 71.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR WILMINGTON DELAWARE

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.11 2.99 3.87 3.39 3.23 3.51
3.90 4.03 3.559 2.89 3.33 3.54

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR WILMINGTON DELAWARE

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

AR324L27



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC T]
31.20 33.20 41 .80 52.40 62.20 71.20
76.00 74.80 67.80 56.30 45.60 35.50

. ~
Trartzvavl

it

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR WILMINGTON DELAWARE
AND STATION LATITUDE = 39.80 DEGREES

———

(XA E R RS EE AR EE S RS R SRRl RS XER SRR ARt R SRRl R XR SRR RN EEEREEREXE EEEE E I

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

PRECIPITATION
TOTALS 3.28 2.98 4.08 3.39 3.39 3.46
3.88 3.97 3.47 2.85 3.12 3.35
STD. DEVIATIONS 1.67 1.45 1.88 1.46 1.63 1.83
1.87 2.38 2.18 1.84 1.64 1.72
RUNOFF
TCTALS 0.966 1.445 1.175 0.290 0.301 0.436
0.536 0.651 0.696 0.454 0.3%8 0.580
STD. DEVIATIONS 0.993 1.314 1.206 0.324¢6 0.368 0.513
0.595 0.833 0.797 0.640 0.524 0.704
EVAPOTRANSPIRATION
TOTALS 0.788 0.769 2.271 3.296 3.382 4.033
3.156 2.874 2.524 2.137 1.119 0.844
STD. DEVIATIONS 0.258 0.402 0.432 0.678 1.15% 1.201
1.176 1.220 0.962 0.775 0.250 0.181

PERCOLATION/LEAKAGE THROUGH LAYER 1

TOTALS 1.0200 0.8288
0.0423 0.0120

. 21159 1.2588 D.55936 L1776

1 0
0.0510 0.1316 0.1603 0.5828

STD. DEVIATIONS ¢.8315 0.65953 0.8669 0.6683 0.3455 0.2471
0.1459 0.0588 0.2484 0.2907 0.3251 0.9457 ,

******************************************************************************lJ
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

INCHES CU. FEET PERCENT
PRECIPITATION 41.20 { 6.096) 149568.3 ° 100.00
RUNOFF 7.928 ( 2.8538) 28778.75 19.241

EVAPOTRANSPIRATION 3.4179) 98709.46 €5.996

09) 22036.182 14.73319

PERCOLATION/LEAKAGE THROUGH 6.07057 ( 2.24

LAYER 1

CHANGE IN WATER STORAGE -0.011 ( 1.8144) -38.19 -0.026

(B A ES LSS SRR SRR RS RRRRSSlS RSt lEll sl Sttt lsR sl RSl il s RSl S R XS R R ]
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

v - - B i - m —— M W Em Em Em T e e T e e = vw mr mm e mm o wm Em M e ML AR MR e TR e M mm Em M M W e e T e W Me M M e e e oA e = E = =

{INCHES) (CU. FT.)
PRECIPITATION --;?5; ------ i;5§;?é5i--
RUNOFF 3.387 12293.9980
PERCOLATION/LEAKAGE THROUGH LAYER 1  0.726442 2636.98267
SNOW WATER 6.60 23975.8555
MAXIMUM VEG. SOIL WATER (VOL/VOL) -0.4357
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.2100

IR S EEEES RS RS EE AR RS R AR R R AR R RS R R RS Rs ARl sl il AR sl RsRil sl X XE R RN,

o AR32L4L30 |



***t***********'A'*********'k*********_*******************************************

FINAL WATER STORAGE AT END OF YEAR 100

LAYER (INCHES) (VOL/VOCL)
1 22.5144 0.3752
SNOW WATER 0.000

22 E SRR EES SRR RS R RN S S S SR RN EE SRR R LS AR RS R R Sl Rl s sttt Al s 2 R
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* % HYDROLOGIC EVALUATION OF LANDFILL PERFCRMANCE **‘?
* * HELP MODEL VERSION 3.05 (30 MARCH 1996) ko
* * DEVELOPED BY ENVIRONMENTAL LABCORATORY * *

* * USAE WATERWAYS EXPERIMENT STATION *k oy
* FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **_i
*x % w* ok
* K . *

2
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PRECIPITATION DATA FILE: C:\HELP3\predupl.D4

TEMPERATURE DATA FILE: C:\HELP3\temdupl.D7 .

SOLAR RADIATION DATA FILE: C:\HELP3\sordupl.D13 }

EVAPOTRANSPIRATION DATA: C:\HELP3\evadup3.D11

SOIL AND DESIGN DATA FILE: C:\HELP3\capdup4.D10 _

OUTPUT DATA FILE: C:\HELP3 \eoutdupd . OUT R
avdvpf-f-l .

y
TIME: 14:38 DATE:  3/20/2000 ‘

dedod ok ok okdk ok ok AEEEEESEEEEE RSN

Ahxk LT h A A Ak kAt bk hkrhAXrdhkrrhhkhddr btk d kst

waste 3

TITLE: DuPont $§. Landfill Casel4-1 - 4" asphalt, B8" stone, 24

tE RS LSS SRR RS SRR SR RS RR RS RRELsRE LRSSl ESEE R RS [EE AR E RS EER S &R

[P

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 16

4.00 INCHES

0.4270 VOL/VOL

0.4180 VOL/VOL

0.3670 VOL/VOL

0.4169 VOL/VOL o
0.100000001000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LI T TR

LAYER 2 ﬂR32hh32 ]



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 21

THICKNESS

PORQOSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

o nmn m N un

2

B.00

0.3970
0.0320
0.0130
0.0321

4.00
60.0

TYPE 3 - BARRIER SCIL LINER
MATERIAL TEXTURE NUMBER 15

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL S0IL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

[T | | I | B

24.00
0.4750
0.3780
0.2650
0.4750

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

0.300000012000

CM/SEC

PERCENT
FEET

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

0.170000003000E-04 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NCTE: SCS RUNOFF CURVE NUMBER WAS

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOFF
AREA PRCJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

USER-SPECIFIED.

Y | | Y | | SO Y [ 1 S |

95.
100.
. 000
.1
.037
.043
.037
.000
.324
.324
.00

e
CWWoooo oK

00
0

EVAPOTRANSPIRATION AND WEATHER DATA

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
WILMINGTON DELAWARE

STATION LATITUDE

MAXIMUM LEAF AREA INDEHR32|"|433

3

5.80 DEGREES
0.00



START OF GROWING SEASON (JULIAN DATE) = 107

END OF GROWING SEASON (JULIAN DATE) = 298
EVAPORATIVE ZONE DEPTH = 0.1 INCHES
AVERAGE ANNUAL WIND SPEED = 9.20 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = §£7.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 72.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 71.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR WILMINGTON DELAWARE

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
3.11 2.99 3.87 3.39 3.23 3.51
3.90 4.03 3.59 2.89 3.33 3.54

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FCR WILMINGTON DELAWARE

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCCT MAY/NOV JUN/DEC
31.20 33.20 41.80 52.40 62.20 71.20
76.00 74.80 67.80 56.30 45.60 35.50

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR WILMINGTON DELAWARE
AND STATION LATITUDE = 39.80 DEGREES

T
i
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

PRECIPITATION
TOTALS 3.28 2.98 4.08 3.39 3.35
3.88 3.97 3.47 2.85 3.12
STD. DEVIATIONS 1.67 1.45 1.88 1.46 1.63
1.87 2.39 2.16 1

.84 1.64
AR32LL3L
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TOTALS 2.538 2.629 3.693 2.682 2.732 2.960
3.353 3.400 3.106 2.549 2.690 2.725
STD. DEVIATIONS 1.658 1.478 1.848 1.172 1.350 1.587
1.649 2.122 1.850 1.653 1.514 1.530
EVAPOTRANSPIRATICN
TOTALS 0.518 0.434 0.683 0.707 0.649 0.498
0.521 0.563 0.364 0.296 0.393 0.396
STD. DEVIATIONS 0.164 0.157 0.276 0.383 0.374 0.347
0.368 0.347 0.272 0.217 0.174 0.144
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.0000 0.0000 0.0000 0.0000 6.0000 0.0000
0.0000 0.0000 ¢.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
PERCOLATION/LEAKAGE THROUGH LAYER 3
TOTALS 0.0229% .0138 .0124 0.0094 0.0054 0.0035

oo

0
0.0032 0.0042 .0037 0.0035 0.0067 0.0123

STD. DEVIATIONS 0.011s6 0.0122 0.0094 0.0070 0.0038 0.0033
0.00286 0.0035 0.0034 0.0032 0.0046 0.0083

AVERAGES 0.0003 0.0002 0.0001 0.0001 0.0001 0.0000
0.0000 0.0000 0.0000 0.0000 0.0001 0.0001

. 0001 0.0001 0.0000 0.0000
.0000 0.0000 0.0001 0.0001

STD. DEVIATIONS 6.0001 0.0001

0
0.0000 0.0000 0

LA EEEREAEELESRSEEEEEEEEEEEEEEEEIEE RS AR EEEEEEARR R ERR AR ERR R R R REER RS SRR SRR R R LN
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100
I INCHES cu. FEET PERCENT
PRECIPITATION 41.20  ( 6.096)  149568.3  100.00
RUNOFF 35.05% ( 5.4547) 127263.97 85.088
EVAPOTRANSPIRATION .021 { 1.0588) 21856.10 14.613



LATERAL DRAINAGE COLLECTED 0.00004 ( 0.00002)
FROM LAYER 2

0.10114 ( 0.03110)

PERCOLATION/LEAKAGE THROUGH
LAYER 3

AVERAGE HEAD ON TOP 0.000 0.000)
OF LAYER 3

CHANGE IN WATER STORAGE 0.000 ( 0.6678)

F R A R YRR L R R R R R X R R R R R R X T T R R R R IR R (T e g

0.139

367.131

-1.12
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

T gmemes) (cu. FT.)

PRECIPITATION _-;?;; ------ iééééfééi"'

RUNOFF 5.214 18925.9961

DRAINAGE COLLECTED FROM LAYER 2 0.00000 0.01687

PERCOLATION/LEAKAGE THROUGH LAYER 3 0:004117 14.94479

AVERAGE HEAD ON TOP OF LAYER 3 0.001

MAXIMUM HEAD ON TOP OF LAYER 3 0.011

LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE FROM DRAIN) 0.0 FEET

SNOW WATER 6.60 23975.8555

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4270

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.3670

*** Maximum heads are computed using McEnroe's equations.

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1593, pp. 262-270.

* % %

I ZE SRR ESEEESE SRR S RS AR XEERREEES SRR R R R R R R RS R X RS R R AR AR SRR REEEEEEEERE]

ARI2LL37



(I EEEZ AR R R RS ER RSl Rl Rl sl Rl iR i it AR il R FENEERER &R EEEE XY X EEEEEY

FINAL: WATER STORAGE AT END OF YEAR 100

LAYER (INCHES)
a1 1.6371
2 0.2560

3 11.4000
SNOW WATER 0.000

(A AR R EEREE SRS R SRS EERRSRERREERRERRsE RSl ERREssRRREES AR RS R RE R R R R R ER R EE RN X I
LE RS S SR EE SR SRR AERERLESRAERRE LSRR EREEREERlRREEsREREREREEEEEE RS R EE R R EEEEE

|
s

et e

P—

b
L L



AR32LL3Y



Appendix C - Field Investigations
Table of Contents

Appendix C.1 — Geoprobe Investigation

Figure C.1
Figure C.2
Figure C.3

Field Test Locations
Cross-section A-A’
Cross-section B-B’
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PERMEABLE REACTIVE BARRIER
IN SITU TEST BORING RESULTS
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PYC PROTECTIVE CASING

[~ 1" cap

GRADE

AR324505

MORTAR SAND

1" SCHEDULE 40 BLANK PVC PIPE
FIELD LENGTH ADJUSTED

. FMIN!MUM OF 1.5" OF BENTONITE SEAL

=, FLUSH THREADED COUPLING

= +—-—— FILTER PACK TO 2’ ABOVE SCREEN

— — CONTROL WELL FILTER PACK IS

= MORTAR SAND

= — TREATMENT WELL FILTER PACK IS

— IRON/GYPSUM/SAND MIXTURE

= 5’ LENGTH SLOTTED SCREEN

T END CAP WITH SUMP/SEDIMENT TRAP
— 12"

DIAMETER

PERMEABLE REACTIVE BARRIER

1111 9 TEST BORING

DuPont Newport Facility

rate Remediation .
Corporate Remediation Group Newport South Landfill
DuPunt and The ¥—C Iicmond Croup Newport, Delaware
Bartey M Plazo, Building 27 F ] T el
'I\Iilmci'nget)'lcn.I Detoware :“983‘3-002? w‘s/z';/no WRK e C.4




Table C.1
Simulated Wall Life Calculations
Permeable Reactive Barrier Field Tests
Newport Superfund Site, Newport, Delaware

Current Conditions (3" of soi) 374 124 " 0.052 (19 days)
Asphalt (4"} and Stone {8") 374 0.0207 31

Soil (18") and Bentomat 374 0.00413 16
Topsoil (6"} and Clay (12") 374 0.000413 157
Topsoil {6, Fill {12"), Drainage Layer, 374 0.0000103 6293

and Synthetic Layer

Barium Treatment/Control i~ e
Current Conditions (3" of soil) 297 1.24 0.042 (15 days)
Asphalt {(4") and Stone (8") 297 0.0207 25
Sail (18") and Bentomat 297 0.00413 12
Topsoil (8"} and Clay (12") 297 0.000413 125
Topsoll (6"}, Fill (12"), Drainage Layer, 297 0.0000103 4997

and Synthetic Layer

Simulated wall life is calculated using the following equation:

(1000F, / 4,)

(CWF)365
where F, is the cumulative field test flow in liters, 4, is the test flux area in cmz, and CWF s the
case wall flux for five different cap materials in cm*cm%/day.

wall life, years =

The test flux area is a cylinder with a length equat to the screened length of the well and a
radius at the mid-point between the well screen and the bore hole radius. The ends of the
cylinder are assumed to be impermeable and therefore not to contribute to the flux area. Thus
the area is

A, =27k L
where R, is the midpoint between the well screen and the bore hole in cm and L is the
screened length of the well in cm. For the simulated wall life calculations, the test flux area is

A =27(16.5cm)(152.4¢m) = 15800cm’
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Table C.5
Barium-rich Test Wells, Zinc-rich Test Wells, and Select Monitoring Wells
Expanded Analytes - Total and Dissolved Metals
Permeable Reactive Barrier Field Test
Newport Superfund Site, Newport, Delaware

ND

rio
BT

BC

Not detecled
Result was between the mininum detection limit

and the practical quantitation limit
Treatment well in zinc-rich area

{100:2G:5 mortar sand to gypsum to iron ratio by weight)
Control well in zinc-rich area
Treatment well in barium-rich area

{100:20:5 mortar sand to gypsum ta iron ratio by weight}
Control well in barium-rich area

prepared by W. R. Kahl, 7/5/00
checked by M. M. Thomson, 7/6/00

Detection Barium Control Barium Treatment Zinc Control Zinc Treatment RDW-7 MW-18A
Limit Units 6/9 6/13 6/9 6/13 6/9 6/13 6/9 6/13 6/13 6/13

Barium Dis. 0.085 mg/L 84.7 94.8 0.0587 J 0.0413 J 231 145 0.357 0.364 52 113
Zinc Dis. 0.0086 mg/L 0.0093 J ND ND ND ND ND ND ND ND ND
Cadmium Dis. 0.0038 mg/L ND ND ND ND ND ND ND ND ND ND
Calcium Dis. 0.035 mg/L 12.5 13.7 540 509 221 34 612 640 199 1.9
Copper Dis. 0.0027 mg/L ND ND ND ND ND ND ND ND ND NO
Manganese  |Dis. 0.0025 mg/L 1.64 1.46 10.7 1.6 0.481 0.963 0.0448 0.105 0.237 0.953
Nickel Dis. 0.0084 mg/L ND ND ND ND ND ND ND ND ND ND
Lead Dis. 0.0019 mg/t. ND ND ND ND ND ND ND ND ND ND
Arsenic Dis. 0.0012 mg/L 0.0059 J| 0.0071 J 0.0016 J 0.0045 J 0.0028 J 0.0035 J ND 0.0046 J 0.0071 J 0.0038 J
Chromium Dis. 0.0066 mg/L ND ND ND NO ND . WD ND ND ND ND
Cabaft Dis. 0.0071 mg/L 0.0229 J| 0.0372 4 ND ND 0.0619 0.05 J ND ND 0.0244 J 0.053
Iron Dis. 0.0067 mg/L 0.0777 J| 00317 J 1.3 124 0.0254 J 0.0634 J 0.0192 4 0.0194 4 0.763 0.404
Magnesium Dis. 0.018 mg/L 2.15 2.01 17.1 i3 252 3.76 0.1 0.0818 J 29 284
Mercury Dis. 0.00004 mg/L | 0.000079 J ND 0.0061 ND ND ND 0.000051 J| 0.000081 J | 0.000085 J NO
Potassium Dis. 0.23 mg/L 255 27.7 4.28 5.03 1.1 9.22 2.4 11.8 131 21
Selenium Dis. 0.06 mg/L ND ND ND ND ND ND ND ND ND ND
Silica Dis. 0.52 mg/t 57.5 60.1 5 53 174 157 94.3 93.3 47.2 135
Sodium Dis. 0.3 mg/L 253 25.2 16.4 16.5 13 175 16.6 16.5 431 30.8
Vanadium Dis. 0.0026 mg/L ND ND ND ND ND ND ND ND ND ND
Barium Total 0.085 mg/L 81.3 92.9 0.0894 J 0.0553 J 218 163 0.381 0.392 69.2 124
Zinc Total 0.0086 mg/t ND ND ND ND 0.0089 J ND ND ND 0.209 NO
Cadmium Total 0.0036 mg/L ND ND ND ND ND ND ND ND ND ND
Calcium Total 0.035 mg/L 14,1 14 575 591 21 31.9 615 645 19.3 11
Copper Total 0.0027 mg/L ND ND ND ND ND ND ND ND ND NO
Manganese |Total 0.0025 mg/L 2.18 1.69 1.5 1.7 1.58 2.24 0.0618 0.136 0.421 0.846
Nickel Total 0.0084 mg/t ND ND ND ND ND ND ND ND ND ND
Lead Total 0.0019 mg/L. ND ND ND ND ND ND ND ND 0.117 ND
Arsenic Total 0.0012 mg/l. 0.0069 J 0.007 J 0.0016 J 0.0046 J 0.0024 J 0.0036 J ND 0.0045 J 0.0107 0.0039 J
Chromium Total 0.0066 mg/L ND ND ND ND ND ND ND ND ND ND
Cobalt Total 0.0071 mg/L 0.0274 J 0.035 J ND ND 0.0636 0.0517 ND ND 0.0316 J 0.0562
Iron Total 0.0067 mg/L 0.352 0.139 12.6 17.3 0.881 2.78 0.152 0.209 45 0.631
Magnesium Totaf 0.018 mgfL 2.81 2.17 20 18.5 244 34 0.0971 J 0.1 3.12 2.48
Mercury Total 0.00004 mg/L | 0.000049 J ND 0.000089 J ND 0.000075 J ND ND ND ND 0.000082 J
Potassium Total 0.23 mg/L 26.9 271 43 4.56 10.5 9.3 12.5 1.7 14 212
Selenium Total 0.06 mg/L ND ND ND ND ND ND ND ND ND ND
Sodium Total 0.3 mg/L 28.6 26.8 17.9 17 14.2 18.8 17.1 14 49.5 29.5
Vanadium Total 0.0026 mg/L ND ND ND ND ND ND ND ND ND ND
Ammonia Total 0.15 mg/L 2,52 22 0.452 J ND 0.527 J 0.56 J 1.52 053 J 1 2.8
ﬁﬁ¥__2.u..n=w. Total 6 mg/L 69.7 63.1 43 4 39.3 324 30.3 43.4 43.8 98.9 44.5
Sulfate Total 1.5 mg/L 8.03 407 J 1350 1250 11.8 10.6 1470 1450 ND 7.1
Sulfide Total 0.53 mg/L 93 7.9 ND ND 14.8 12.9 131 13.9 6.5 33.1
Total Cyanide |Total 0.004 mg/L ND ND ND ND ND ND ND ND ND ND
TSS Total 4.1 mg/L ND ND 32 236 16.8 34 ND ND 33.6 ND
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APPENDIX C.3
REDOX INVESTIGATION
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Table C.6
Test Borings - Field Parameters
Permeable Reactive Barrier Field Tests
Newport Superfund Site, Newport, Delaware

Boring ID Temp. pH Redox DO
(C) (mV) (mgfl)
BC 17.5 9.8 -108.85 0.00
BT 176 7.9 -128.35 0.00
ZC 171 7.3 -130.70 068
ZT 16.0 10.7 -235.85 0.00
MW-23A | 145 | 64 ] 2774 1 0
See Figure 6.1 for locations.
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SOUTH LANDFILL TREATMENT AND MONITORING SYSTEMS
COST ESTIMATES

NEWPORT SUPERFUND SITE
NEWPORT, DELAWARE

Prepared for:

DuPONT CORPORATE REMEDIATION GROUP
WILMINGTON, DELAWARE

Prepared by:

URS GREINER WOODWARD CLYDE GROUP CONSULTANTS, INC.
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DuPont Advanced Fibers Systams
Spruance Fbers
P.0. Box 7001

L) B

DuPont Advanced Fibers Systems

CC: John Wilkang
Leslie Crocker - ISG Corp.

Jobkn C. Wokasien
Contruction ger

URS Greiner Woodward Clyde
282 Deluwure Avenue

Buffalo, NY 14202-1805

Dear John,

DuPont Kev agrees to provide the Newport South Landfill up to 200 tons of
Gypsurmn et no charge F.OB. our James River plant in Richmond, Virginia. Freight
will be billed to your project at ~$20-22/ton.

Please provide |30 days lead time when ordering. I understand from Jolm Wilkens
that the material will not be needed until 2001.

Very ruly yours,

‘SOAQ&Z\_,

William Lacy Gray, Jr.

|
|
; Contracted Mamufacruring Manager
ii Advanced Fibers Systems
’ (804) 3834459
WLG/jws g
ISGWolkaaien lotlm'idoc
Kevlar® is a DuPont registered trademark
AR32L5LY
E.i. du Pont de hemcurs '.nu.;.‘.amnam @ Priood on Racyclss Paper

2-1822 Here, 257



Sgruance Fbors
P.O. Box 27001

. - Richmond, VA 23261
AU PINR

DuPont Advanced Fibers Systems

FACSIMILE TRANSMITTAL COVER SHEET
TO:! j&ég { J. M/R‘T}‘Pﬂ_

LOCATION:

PHONE FAXNO, ‘7 /Lo S L~R28 VS

OSSP
DATE R =/—0

FAX ;_w_-_zssilmv

FROM: | CHARLIE SIMMONS (804) 3834086

‘>/_‘ LACY GRAY (304)383-4459

JANE AREHART  (804)383.2562

NUMBER OF pchEs (INCLUDING COVFR SHRRT): _&

IF TRANSMITTAL HAS NOT RERN COMPLETED, CALL 804-383.-2562

NOTES:

f‘ef Le e s Hocked.

|

O‘”ICMM Nm SEESERSBREPEP

The documents accempanying this telecopy transmission contain information from DuPont which is

confidential and/or privileged. The informution is inveuded coly for the use of the individual or

entity named on this transmission sheet. If you sve not the ntended recipient, you ure hereby notified that

any disclogures, co distribution ur the akiug of w0 sction in roliance on the contents of this telecopied

is strictly probibited and that the documents sheuld be returned 10 DuPont immediately, In this

regard, if you have fecaived this wlecupy ia enut, plesse notify us by telephono immedistoly so that we can
of the driginal document © us at no cost 1O you. '

AR324S5Y5
s.mmummm‘:mm - . @:i:-g::mmm

DuPent Advanced Fikars Sysiams

. . - ' v
o g sl emecrmmad

et



. Corporate

FACSIMILE gfg,:d'°"°"
TRANSMITTAL  Newport Superfund
SHEET  slte

To:John Wokasien From: John H. Wolfe
Company: URS Corp. Phone:  302-993-0490
Phone:  716-856-5636 FAX: 302-994-3481

FAX: 716-856-2545
Total # of sheets faxed: 9

Urgent ( ) Forreview ( ) Reply ( )Information Requested ( X )
Message:
John

Attached are the rate sheets you requested.

The price for Common Fill from Contractors Materials LLC is:
$6.80 per Ton delivered, @ 1.5 ton per Cubic Yard.

2s
Actow 1.LST/rey =, g 185~ 1/ "’A/
WOLFIE

L AR32L5L6
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Laborers lLocsl No. 199

Manasgement Onit
Jurisdiction

Ters of Agreement
Wages & Contributione

Allied Divieion, DCA
Nent Castle County, Delaware
7 June 99 tnry 3O April 2002

{heuzly) &/7/99 $/3 /2000 5/1/2001

Schedule A a1 $18.84 $.80 $.78

Scheduls 8 157 18.09 Totel Total

Schedule © 16.34 Economic Boonomic

Behadule D 16.94 Increane Iacroace

Schedule F 17.09 8
Schedule F 19.09 z,,_r;‘_! ”
Health & Welfare 3.70 ' 1_5
Pension 1.65 o
Training & ¥duc. Fund 46 ﬁu“”

Annuity 2.00

Industry Advancement 0.8%"

Deductions

vremium Pay

Foremen

Genezral Forsman

nelidays

Overtime & Holiday Pay

scrajight Time Hours

Sshifts & Differential

CEASL9R 6/99

“This percantige 1B multiplied by the
total of wages snd fringe contributions
paid,

*Pay entire day at highest rate worked
during day.

Union dues -~ £.34 per hour worked.
Efieoctive 5/1/93 = Laborers Political
Leagus ~ §.03 per hour worked.

1€ working on stacks, sllos, toweras, ete.
over 50 foat pay $.325 over base wage for
sech additional 25 feet.

1 4f 8 thru 19 employoes on job, then 1
for svery 19 employses. Pay $1.00 per
hoaur aver highest paid smployaas
supervised. Non=working.

Pay $1.00 par hour over higheet paid
employese Suparvissd.

New Yoar's, Memoxial Day, July &, Labor
Day. Thanksgiving, Christmas, General
Election Day if declared by Puilding &
Construction Trages Councll. Molidays on
Saturday or Sunday celebrate Frlday and
Nonday, respectively.

The firet two houre of overtine worked
Monday thru Friday and the first ten
hours worked ona Baturdsy will be paid at
1 1/2x wages, 1ix contributions and 1x
dues. ARll Sundays, holidays and over tem
hours will be paid st Ix wages, lx con~
tributions and 1x dues. Ganaral Rlection
Day, if worked, at stralght tims ratms.
8 hours between 8100 a.m. and 4:30 p,m,.,
Monday thru Priday,

If 2 shifes of over 8 hours each - squal

AR32L5u]T

vt

.- -5 _

i
e |

t
el

]



VIACh W LVeDY SV UELAWRNE WUNIKRCIURS ASN FAX :302-094-8185 M

Pay & Pay Day

Reporting Time

Neal Perlodn

Coffeso Broak
Transpartation

Lay Off/Diacharge

Bchadule A

schadule B

CBAS19%9 &/9%

pay and duration. Otherwise: lat -
midnight to 7:30 a.m. for 3 hours pay,
2nd - ptraight time houra and pay, ird -
4:30 p.m. to midnight for § hours pay.

By check no later then quitting time
Priday. Withhold 3 days. Maks arrangesments
as to how snd where checks to be cashed,
No show up time Lf work not started due
to woather. [f work starts and is stopped,
pay greater of 2 hours or actual time,
unlasa stopped due to weather, Tthen pay
nctual time only. If works 4 hours pay for
B hours. If call for men in a.m. of day
worksd, pay B8 hours. If call for men teo
work in p.m. pay 4 hours,

1/2 nour (unpaid) sach ehif:t. on continu-
ous overtime: 1/2 hour (paid) after 2
hours worck and after each 4 hours worked
thecestter, provided work continues after
meal period. On non-schedulad overtime
alleow reasonable arrangement to get food.
15 minutes between ¥:30 g.m. and 11:00
a.m. at work station.

No paymsnts providsd job in Local‘s
jucisaiccion. _

1£ omployed for more than 2 days on jeb,
pay and mllow 1/2 hour to pack tools.

Work Classificatioas By Scheadule

Lesboroce, general arnd construction
Dumpmen

Pire wWatchman

Flagmen

Ealamandars

Truek Bpotters

Caulkers; cperators of pneumatic and
electric tcols; vibrating machines) con-
crete saws and pumps (which shall include
the hookeup of hose and/or pipe); pot
tenders; and sower pipe layers
Derplition (where walle are required to
be ridden down by hand tools)

priller (except Core, Diamond, or
Multiple Wagon)

Fork Lift Laborer

Gunite material and rebound workers
Nason and plaster tendare, and csment
workers

Mohile buggy cpsrators

Operatores ¢f power saws (portabls)

AR32L5L8



Vi WY AV W

Schedule C

Echedule D

Scheduls B

Scheduls ¥

CBAEL1?® &6/99

LY VLLIWIrTD WRAN TR TG HSAN A = SV S-Sl 50

Fowwr and Sawing Machines

Scaffold builders

shoring

8ignal wen and hookup men, including when
working with digging and grading aguip.
Stripping of flat arch and form work, and
clumaning and oiling thereof

fool roem attendant

Purners and Welders

Caipeon Workera, top man {when sxcavations
for cuimsons are Adug eight fset or more
below Ehe natural grads lesvel adjiacent

to the starting point of the caissen
hole, the rste shall apply At the ground
level)

conorete Speclialint

Driller (Core, Diamond, or Multiple Wagon)
Gunite industris) fums stack, noccle, and
rod wvorkers

Aandblaster (nozzleman)

Tunnglling

Underplnning Bxcavation (when an under-
pinning excavation ip» dug sight feet or
more below the natural grade, or vhan an
sxcavation for a pier hole of five feot
aguare or less and sight feet Or more
desep is dug, the rats shall apply only
wher & depth of sight feet is reached)
Working under compressed airv

Caisgon workexs, battam men (see qualifi-
cations for top men in Schedule C above)

Rlasters

Laborers engaged in unleading, placing,
and assisting in the inatallation of waell
point systeams or deep well sytems as long
48 needed on the job ror such work

Asbestos and/or Toxic or Hasardous Waste
Workere (tasks relsted to ashbestos and/
or toxic waste ramoval ~ cereified and
licensed workers only)

Lead Abatement Worker

AR324549
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T I oo %% o 1 (SR Y

01424 '00 10:58 1D:DELAWARE CONTRACTORS ASN  FAX-302-994-818% PRUE. o

Operating Mngineexs Loval No. S42
Mote: All informotion for State of Delaware Muilding & Heavy Work

only.
. Managaemant Unit: Allied Division, pCa
Jurisdiction Etate of Delawars
Term DL Agreomant 1 May 9% thru 30 April 2002
Hourly Bana Wages 5/1/99 $/1 /00 s/i1/01
Wage Ozcup I:
Hourly Bape Wage 522.45 $22.69 $22.9¢
Health & Welfure 4.29 4.53 4.67
Surcharge : .70 .90 1.00
ransion 2.36 2.38 2.41
Apprentice ' .22 .23 + 33
sus 4% A5 T .
Annuity 3.50 +.00 4.25 Y,
s
Wage Group Ils /)7
Hourly Hase Wage $22.35 622.36 $22.62 >
Health & Welfare 4.24 4.48 4.62 v =/
surcharge .70 .90 3.00 &
Pension 2.33 2.38 2.38 A
Apprentica .22 .22 .22
SUB .44 .45 PTRPAN & ,;%
Annuity 3.50 4,00 4.254%9/’ ¥
2& T
Waga Group I1I: =4
Hourly Base Wage $30.1% §20.38 $20.56
Keallh & wellare 3.93 4.16 4.2
Surcharge .70 .90 1.00
Penwion 2.12 2.14 2.1¢6
Apprentioca .20 21 .21
BUB .40 .40 .41
Annuity 3.50 4.00 4.29
Wage OGrowp IV:
liourly Base Wage £19.86 $19,.99 §20.20
lisalth & Welfare 2.87 4.10 4.23
Suzcharge 10 +90 1.00
Panaicn 2.09 2.10 2.13
Apprentice .20 .30 .20
BUR .40 -40 .40
Annuity 3.40 4.00 4.25
Wage Group Vi
Hourly Hape wago $18.01 $l8.12 $18.29
RAealth & wolfarn 1.8 3.80 . 3.8
Surcharge .70 .90 1.00
Fansion 1.%0 1.90 1,92
Apprentice .18 .18 -1m
sus .36 .36 .36
Annuity 3.50 4.00 4.25
CBASS542 9/99 1

AR324550



0126 "0 10:59

Wage Group Vis

Ilourly Rare Wage

Heoulth & Welfare
Burcharge

Dansion

Apprantice

Sus

Annulcy

1D UELAWRRE CONTRACTORS ASN

FRX :3U2-994-8luo Mt

$17.49 $17.97 $17.72
3.5% 3.1 1.84
.70 .50 1.00
1.04 1.84 1.86
.37 .18 .38
.35 .35 11
3.%0 4.00 4.2%

Toxic/Hstardous Waste Removal Kate:20% added to all clavgifications

Machines with booma, 4iba, masts, snd lesds: 100 teet and over -
$.50 par hour additional will be paid Yor each increment of

25 feal over 10C teet.
Apprentice Rataes
Probation to 21" € monthao
2" =mix (G) monthe
3™ gix (€) months
4" gix (G) momilhwo
5% gix (&) monthe
6” gix (6) months
7V gix () montho
" mix () months
Deductionn

Lesd Enginocor

Ages't Laad Fngineer

Holidayr (Paid)

Overtime & Holjduy Pay

Straight Time Hourws
Ghifte & Diffarantial

CBARS42 9/99

soe
L1 1
L1 ]
L2 1
T0%
78%
aoe
ass

tnion dues - 3.7V of wages. PMolitical

AcLion Fund - 0.2% of wages.

1 for 7 or more cngineers. Rate - §1.5¢

per hour over rate un weekly basis of

highest paid ongineer on same job.

1 for over 1% amployees and for each

multiple of 23, maLe - §,90 per hour

above ralLe oa weekly basis of highset

paid engineer on same job.

New Year's, Mamoria) Day, July 4, Labor

Day, Thankegiving, Day after Thankegiving
Christmas or day sc calebrated except when Calls
o Supday and provided employee works acheduled
work day before and after the holiday.

The tirst twe hours of dally overtime,

Monday thru Friday and the firsL eight

hours on Satuyday chall ba paid at 1 1/2x

wages Plus contribution und deduction
percentages noted above. Sundays, hol)idays

ond hours in excess of ton are to be paid

at 2x wagas pluns contribution and

geduction percentages as noted above.

8 hourm batween §:00 a.m. and 4:10 p.m.,

Monday thru Triday. Bmploysr may vary

sterting time by 1 hour.

Time of starting lst shitt alL employor'm

vption. No shift in excess of 8 hoursg

2

AR324551
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VALEN WV i sustELAwes CONTRACTORS @SN FAX:30e-994-818% VP

Pay & Foy Duy

saakly Suaranteae

Raport.ing Time

Mnal Peariods

Lay Of£/Discharge

Wage Group I

Wage Group IX

CBABS42 9/9%

work. Niscumls ghift duration with Local,
Pay siLraight time to shift closesl Lo
prrajghe time hours and straight time plus
3% to cthar shifrs,

Dy caabh or check, &t Local's option, by
guitting time on regular pay day.
Witbhhold 1 days pay.

1f employer's job continmes for over 3
days, guarsntee 40 hours per week at
weekly rate for the days the job laots.
It on woakly guarantse gee above. On daily
basis, i.0. luwy than 3 days on jobt

¢ hours show-up and 1f started to work,
pay 8 hours, O Sundays and holldayd

§ hours show-up, # hours 1f start work,
pay ® overtime rata. Il not staried to
work within )} hour, dismiss for the day.
1/2 hour, unpaid. On single shift work,
at noon. On multiple ghift work betwesen
3xd end Sth hours.

Pay in full upon termination.

Work Claseifications By oraup

Handling steel and atone in connection
with ersction

Cranes ¢oing hook work

Any nactines handling mechinery

Cable spinning machine

Helicopterxe

Concrete Pumps

Machines similar to the above including

remote control eguipmont

All types of cranss

All types of backhoes

Cableways

Conveyor Loader

Drag Lines

Xeygtones ,

All Lypee of shovels

Darricks

Trenth ghovels

Trenching machines

Pippin type backboes

Hoist with two towars

All Pavers (Concreto and Blacktop)

All types overhoad oranes

RBuilding Hoists - double drum
{unless usad ap single drum)

Milling Machina

Mucking machinees in tunnel

a
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VLS8 WA LL AW U UELMWRrGe. LU TRHL S RSN FAX : 3U02-994~818%

wage Croup II

Wage Group IV

CDAES42 9/99

Gradalls

rront~end loadezrs

Doat Captuin

Tandem Scrapers

Tower typs cranc oparafion, eracting,

dismantling, jumping, or jarking

Drille salf-contained (Drilimuster type)

Chipper with Boom

Tree bpade

Concrete Lreaking machines (Guillotine
type and remcte type

rork Lift. (30 fest and over)

Motor Patruls (Fine Grade!

Batch Plant with mixer

Scrapers & Tournapulle

Rollers (Righ Grada Finizghing)

Mechanic Welder

gpreadsrs

Bundle Puller Extractor

Hydro Axle

8ide Boom

Bob Cat Type (All attachmento)

vormesr Baw

Direciljonal Boring Machine

Bulldogers & Tractora

Maghines gpimilar to the above

Conveyvrs {Except Building Conveyors)
rulldisg Hoistn (8ingle Drum)
Aophalt, »)ant engioeer

Kigh or low preasura bollers

well Drillers

Fork Lift trutka of all Lypews

Ditch witch type trencher

Motor Patrol

Concrute, Praaking machines

Rollers

Fine Grade Nachinas

Blevator Operator (new construction)
Btump grindesr

Machines similar to the above

Seamian pulverizing mixer

Tizeman oo Power Equipment
Maintenanco EBngineer (Power Nnal.)
rarm Tractorn

Form lina Graderw

Road Fipishing Muchines

Powsr Boom

Seed Spreader

Grease Truck

Machines Rimilar to the above

AR324553
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var =t WY b WY L& MO LU ML UGS HON FHX I SUZ A B1ED

Wage Group V Conveyors {bullding)
Welding machines
Heaters
Wallpoints
Coopressors
Pumps
Miscellesnevus EquipmenL Operator
KElevator Operators (rennvations)
Houpe Car .
Machines similar to the above

Wage Group VI ' Fireman
Oilers and Deck Handp (Personnel
Noats)
QGrease Truck Halpar
wage Group V1l (A) (Bes® Wage Gzoup I)
Toxi¢/Hasardous
Wapto ROMOVA)
Wage Group VII (B) {ee Wage Group IIX)
Toxic/Hazardous

wWastLe Removal

CBAS542 9/99 5
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"Nancy J Griskowitz” <Nancy.J.Griskowitz@USA.dupont.com> on 02/03/2000
12:30:08 PM

To: "Brandt Butier” <Brandt.Butler@USA.dupont.com=, John Wokasien/Butfalo@URSGreiner
cc:

Subject: Re: SLF Drawing

The area bounded by the limits of waste is approximately 15.9 acres as
calculated by AutoCAD. .

AR324555
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(‘?}» "Brandt Butler” <Brandt.Butler@USA.dupont.com> on 02/08/2000 04:33:35 PM
i
e

To: "Jim L Aker" <Jim.L.Aker@USA . dupont.com>, "Edward M Andrechak”
<Edward. M.Andrechak@USA .dupont.com>, “Craig L Bartlett” <Craig.L..Bartlett@USA dupont.com>,
"Matthew P Brill" <Matthew.P Brill@USA.dupont.com>, "Brandt Butler" <Brandt.Butler@USA.dupont.com>,
"Nancy J Griskowitz" <Nancy_ ) Griskowitz@USA.dupont.com>, "John L Guglielmetti”
<John.L.Gugliemetti@USA.dupont.com>, "Richard H Jensen” <Richard.H.Jensen@USA . dupont.com>,
"William R Kahl" <William.R.Kahl@USA.dupont.com>, "Richard C Landis”
<Richard.C Landis-1@USA.dupont.com>, "Edward J Lutz” <Edward.J. Lutz@USA.dupont.com>, Tom
Nowocien/Buffalo@URSGreiner, "William B Pew" <William.B.Pew@USA . dupont.com>, "Noet C Scrivher”
<Noel.C.Scrivner@USA _duport.com>, "Stephen H Shoemaker”
<STEPHEN H.SHOEMAKER@USA. dupont.com>, "Marjorie E Vetter”
<Marjorie E Vetter@USA dupont.com>, "John E Vidumsky" <John.E Vidumsky@USA dupont.com=>, "John
A Wilkens” <John. A Wilkens@USA dupont.com>, "John H Wolfe” <John. H Wolfe@USA . dupont.com>,
John Wokasien/Buffalo@URSGreiner, robert@kiber.com, george@kiber.com

ccel

Subject:  South Landfill Team Update - Current Tasks and Notes from February 2nd Meeting

Team,

Please note our new meeting schedule.

Upcoming Meetings 8:30am - 10:30am

ATt

February 14 27-2374 - Team - Review Kiber, Xsta Results, Finalize
cost estimate assumptions, set date for CRG Peer Review
(302)705-8B000 + 2653#

AGENDA For February 14
XSta Testing
Kiber Testing
Cost Estimates
EPA Feedback
Schedule and scope for Peer Review
Schedule and scope for EPA Meeting
Loose ends not covered
Path Fcrward & Schedule

February ?7? CRG Peer Review

Tarly March EPA-DuPont meeting to discuss path forward

March 8 Review status. Chose technology and design path. Scope
next phase.

ached (in Adobe Reader) is a copy of the current project schedule -

rlease review it, especially your dates - before our next meeting - I plan

to use it to monitor progress.

| (See attached file: npt309.pdf} 1}

{urrent Tasks

Wilkens
Gathering analytical data, proposing permeable wall composition
Scope lab scale flow-through-test with target wall composition
Issue note with non-delivery months for James River gypsum

AR32L556



Kiber

Issue draft report

Complete gypsum/fill permeability tests and issue draft results
Kahl/Griskowitz

Scope geo-probe type testing for groundwater ocutside of south

landfill - develop requisite plans

Scope in-situ treatability testing for PRW

Calculate waste volume and wall depths based on topo maps
Butler

Send out gw data package to team

Draft EPA submittal for presentation of new data and path

forward, emphasize low zinc release
Wokasien

Finalize cost-estimates with proposed wall composition
Nowocien

Develop shipping cost for lime from Montague, Michigan

Maeting Notes - 2/2/2000

Fi=ld Activities
Issued drawings with new data
Develcping mere info on gec-probe testing
field scope - determine depth to marsh, gw composition
p:f
PSA/HASP/WMP
survey
schedule
Develop scope while preparing for EPA presentation
Kiber

Completed verification testing - portland (3%), lime (3%), or
gypsum {5%) are effective - now its a matter of cost
Set up permeability tests w/gypsum and common fill - expect

results 2/9/2000
Draft report to issue 2/11/2000

Wilkens
Tests complete for screening dosages - awaiting analytieal
rasults
Propose wall composition for ~100 year wall life (if
practical)
Next phase - use proposed wall composition/ratio and retreat
groundwater
(Following the meeting, J. Aker requested a flow through test
for next phase, rather than the shaker tests)
GW flow analysis shows 0.8 ppm zinc at 200 ml/min ->86 gm/day
ia handful of Cold-Ease tablets)
Likely some synergistic reaction with Ba-rich and Zn-rich
watey - future study emphasis should shift to gw outside the
wall
Suggest review of results with EPA and present geoprobe-type
sampling plan (w/decision tree} to see if low zinc outside the
landfi1l]l would eliminate need for treatment..
Discussed need for sampling groundwater outside of landfill) -
Kahl will develop a scope for geo-probe-type testing - data
needed - depth to top of marsh deposit and gw sample {-20
locations outside landfill on east and scuth sides

Wokasien - Cost-Estimates
Upgraded cost-estimates were presented
Looking at cost comparison of variocus barium agents {Portland
Cement - 3%, Hydrated Lime - 3%, and Gypsum - 5%) - will put
lowest cost 1n estimate

AR324557
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Must confirm shipping costs
Recalculating volume and depth of wall based on topo maps of
ground surface and top-of-march surface

|D - npt309. pdf

AR32L558



General Requirements RO11

Overhead & Miscellaneous Data

RO1100-050 General Coniractor's Overhead

The table below shows a contractor’s overhead as a percentage of direct
cust in two ways. The figures on the right are for the overhead. markup

the owner supplied the materials or if 2 contract is for labor only. Note:
Some of these

markups are inciuded in the labor rates shown on Reference

pased on both material 2nd labor. The hgures on the left are based on Table R01100-070.
the entire overhead applied only to the abor. This figure would be used if
l % of Direct Costs
As a Marap s & Rariap of
ftems of General Contractor's indirect Costs of Labor Only Both Material and Labor
Field Supennsion 6.0% 29%
Man Office Expense (see detads below) 16.2 11
Toots and Minor Equipment 1.0 05
Workers' Compensation & Employers’ Liabifty. See R01100-060 181 © 86
Field Office, Sheds, Photos, fc. 15 0.7
[ Performance and Payment Bond, 0, 0.7% to 1.5%. See RO1100080 23 11
Unemployment Tax See R01100-100 (Combined Federal and State) 70 33
Social Security and Medicare, See RO1100-100 . 1.7 37
Sales Tax — add if applicable 42/80 x % as markup of total drect
costs including both material and labor. See ROF100090 :
Sub Total 59.8% 28.5%
*Builder’s Risk insurance ranges from .141% to 586::. See kG1100-040 05 0.3
*Public Liabilty Insurance 32 1.5
Grand Total 53.6% kiik;
*Paid by Owner or Contractor
Main Office Expense

A General Contractor's main office ¢xpense consists of many items not
detailed in the front ponion of the book. The percentage of main office

cxpense declines with increased annual volume of the contractor. Typical

main office expense ranges from 2% to 20% with the median about T.2%

of total volume. This equals about 7.7% of direct costs. The following are
approximate percentages of towal overhead for different items usually
included in 3 General Contractor's main office overhead. With different
accounting procediares, these percentages may vary.

ftem i Typical Rangs | A?

Managers', clencal and estmators’ salanes 0% v 5%

Proftt sharing, pension and bonus plans 2 o 2 12
fnsurance 5 o 8 b
Estmating and project management {not including salaries) 5 p 9 7
Legal, accounting and data processing 05 ko 5 3
Automobde and light truck expense 2 o 8 5
Depreciabon of overhead capital expenditures 2 o 6 4
Maintenance of office equoment 0 to 15 1
Office rentad i o 5 4
Utiities including phone and kight 1 b 3 2
Miscellaneous 5 to 15 8

Totd 100%
AR324589
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URS Greiner

282 Delaware Avenue
Buftalo, New York 14202
(716) 856-5636

MEMO OF TELECON

JOB NO.: 05000 3522500 DATE: ) /20 /00
JOB TITLE: Dy Dot : FILE UNDER:

PERSON CALLING: D¢ k¢ Davison PERSON CALLED: 7, 4e Fary
REPRESENTING: REPRESENTING: (Zro Coi)
TELEPHONE #:

SUBJECT:

SUMMARY OF CONVERSATION:

Mix 8_57!—7‘941. TLg_ Q//f:" a'un?Lev APy R 57 ofwﬁ""“—
“This s é#/sﬁ'
Lan&/ oo, L 7> f‘b'vc,h Q(DISPQ_('Q‘

490 Wr"“ 2 Jo ‘/ % Dy bé“_—rém o +2  Rovie D w/DU?cf:IC
tnd puch yu o piteh- Ths s 55Ty

/%g_&' - /7’82. Qna—?c. - L F 2 klpe Uce 2000 Spﬁﬂ
o ] ZeU To R <A /D
w8 pors

g - < -
Cost Skdvlé_ Jw. & 5 s~ Th:s isA Smale,
A w/ b oy

AR32L560
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URS Greiner

282 Delaware Avenue
Buftalo, New York 14202
(716) 856-5636

MEMO OF TELECON

JOB NO.: oSO 357 24 20 DATE: ' foo /@O

JOB TITLE: Do PosX : FILE UNDER:

PERSON CALLING: TO#¢ e Dauvitond PERSON CALLED: APoea Scb /ro oo

AEPRESENTING: (M £.5 6 w.C REPRESENTING: oo Codd

TELEPHONE #: 1-B13-&L2C -O75 1

SUBJECT: Per menble L1wicnc twall

SUMMARY OF CONVERSATION: Bod Adised tmat- A, S/iius
wauli Cost*  Apve x / ’E?'/_S: A w‘d% trva A Piog
The Ceost of M xw g . The G yp J‘.Izo.g:_‘(”!n.q oo

q‘hbulé AQ_ c:'}ikig/ w, B oA Trraa s AW_LA'Fq'Lﬂ: A Lq»aciuu:,

ngg of 4/\544// 15 sae D ¥k wi/ p Ploped =xd Fhe maatl

> Loll +» g!jﬁm :Z£ QI-I-:‘.."‘.\‘_S matee a L wtl Lo

Sepoy et  F pmcr-'_ér e g M B /v

AR32456 |
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URS Greiner

282 Deiaware Avenue
Buftalo, New York 14202
(716) B56-5636

MEMO OF TELECON

JOB NO.: c 24 o0 DATE: 1/ 19 [oo
JOB TITLE: Ty portT FILE UNDER:
PERSON CALLING: "Dick Dap . tow PERSON CALLED: M, te Caey
REPRESENTING: LS. REPRESENTING. /5 -0 oo
TELEPHONE #: J- 12 -F5L-7700
SUBUJECT. Slexmy i/ — ﬂ_g a1 FAL 1. Joetentiwe WAl
SUMMARY OF CONVERSATION:

To &.. /M ssn Mk Ao Sleceu & Lrmp sa o Lrepvations

whiJe cacavatriaa, ﬁ“-‘ xR o7 S rpsem 0% - Do <

o L e bs ) S L dommes ,C// 89% sarto ;.gnva)‘ou tat XA 'ANM'
- 60%*1 af Ed:ned‘-‘ou - 63 S‘/aL:t Ly +/ jgoa)c av‘ et
Eja‘_ﬁup Ao - Altoe 744. e ovec eval

M E i~ cyp - £ A1l Jo comervete Fuvck.

Bre S/uggq ﬁwnh‘ g‘; h’pﬁ.v S ro A_Z_ooa 51'-//_)1’.1

wrh hof. - OPE = Prmp =-milen S oA c# ot
o li Fd = s Ak - b sk fenl] eraT

/Vle.c[ M/motc v gﬂa Qern tre Vo,  TRwe kg

777!5 5 4 Dﬂufdkizd Precgavvre o'9‘!l—¢ fh'ﬂﬁ-r'-f A é_;,p{,'f"y_ ol
Aorox . A, D A cAAD AW Coomopy Yoo 7T (799

Aprevw cost Premengie Peachye Lo $€%=
v v gluhﬁq R et ' “(' Tlllé /foe

AR32L562
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: PEERLESS METAL PWDRA; 13138410240; Apr-1C0-00 9:24; Page 2/2

ESS™

April 7, 2000

John Wokasicn FAX: 716-856.2545
URS Consultants

282 Delawarc

Buffalo, NY 14202

Dear john:

Thank you for the opportunity to quote on your requircmants for Cast lron Aggregate at the
DuPant - Newport, DE site.

Cast Iron Aggregate Size 8/50-— S33OUNT
Plus packaging in 3000# bulk bags, palictized-=--% 14/NT ($21/per bag)
Prices are FOB Detroit, M. Terms - Net 30 Days.
T found the following freight rate Detrorr, Ml to Newpon, DE:
Flatbed Truck : $1125 = S50/NT (based on 22.5 tons)

Should you require us to prepay and add the freight, please add 15% to the above freight price.

We appreciate the opportunity to give you this quote. As you are aware the cost of producing and
transporting iron is market driven and thercfore can change over time; pleass contact us for a final
quote at the time the irvn is reguired fur the project,

Verv truly yours,
Paul W. 'rouslcy orc Warrcﬂs
President & CEO “Cast tron Sales
PWT./npw
' 124 South Military * Detrort, Michigan 48209
Peerless Metal Powders & Abrasive AR32 L5 6319 6415400 ¥ Dt e



nt By: PEERLEBS METAL PWDR; 13138410240, Apr-10-00 8:23; Page 1/2

ESS”

9

Peerless Metal Powders & Abrasive

124 South Military  Detroit, Michigan 48209
313841-5900  Fax 313 841-0240

FAX TRANSMITTAL

We are transmitting a total ul’_& pages including this cover sheet. Please contact sender if
you do not receive the entire transmission.

PLEASE DELIVER THE FOLLOWING PAGES TO:
NAME %ﬂﬂn) WM
COMPAI\J UL S fo,aw_;

FAX# __ 21§56 -2SYS™  PHONE #
FROW trg o s IAQMAD pate -0 0Q
S '

MESSAGE:

Peerless Metal Powders & Abrasive (13“’143)8:‘";*1 Military « D-u:z.( g%o:‘gg

AR32456M



0207 '0C 00:48 [D: DUPONT-ENV | RONMENTAL FAX:202-802-7642 PACE

TL-): Jélﬂﬂ, Wf-’ka.sfaq

Locaticn | Depth to Marsh deposit Poatit* Fax Nots 7671 [Dste 3/,,1- ]p. peses” 1
% J_ okas iex rom Ruobky Kadk |

Gulomt Co [3C P -~ Wh lm;‘-g‘«.;
Prono # » Prone 302 B22- Obl

Pt ig 9502545 ™' 302 812.-7%43
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Please call 3o1-8%1 - 0b(8 \‘Fa,ob have. “7U65744;|.s,

— Rvn‘j
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1D DUPONT-ENY IRONMENTAL

‘00 00:47
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# ABANDCNED WELL
& CURRENT welL

S

1997 WELLS EXCEEDING PERFORMANCE
STANDARDS

" * 1998 WELLS EXCEEDING PERFORMANCE

- STANDARDS

Ll

\

N

11999 WELLS EXCEEDING PERFORMANCE
.} STANDARDS

AR32L566
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SOUTH LANDFILL
WELLS AND TEST PITS

NEWPORT SUPERFUND SITE
NEWPORT, DELAWARE
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To: John Wokasien

From: Marek Ostrowski

Ref: DuPont South Landfill
Infiltration estimates

As you requested, I performed infiltration estimates for the types of cap considered for the DuPont South
Landfill facility. The caps are:

Case 1: 6" of topsoil, vegetated

Case 2; 6” of topsoil, 12" of barrier soil, vegetated

Case 2-1: 6" of topsoil, 12" of fill, 12” of barrier soil, vegetated

Case 3: 6” of topsoil, bentonite mat, vegetated

Case 3-1: 6” of topsoil, 12" of fill, bentonite mat, vegetated

Case 3a: 6" of topsoil, drainage net, bentonite mat, vegetated

Case 3a-1: 6" of topsoil, 127 of fill, drainage net, bentenite mat, vegetated

Case 4: 4" of asphalt cap, 8” of stone, synthetic liner, bentonite mat

Case 4-1: 4" of asphalt cap, 8" of stone

Case 4a: 4" of asphalt cap, 8” of stone, drainage net, synthetic liner, bentonite ma+

Luse 4a-1: 47 of asphalt cap, 8" of stone, drainage net

Case 5: 6" of topsoil, 127 of fill, synthetic liner, 12" of barrier soil, vegetated

Case Sa: 6” of topsoil, 12" of fill, drainage net, §ymhen'c liner, 12" of barrier soil,
vegetated

Case 6 Existing conditions

The description of the procedure, as well as the summary of results, are outlined below. Printouts of HELP
outpul files are attached.

WURS_BUFF2\WOL NUSERSYOSTROW_MMiscal\DuPont_southlandfill infiltrl doc

03/21/00 8:58 AM AR3 2“568



1. OBJECTIVE

The objective of this analysis is 1o estimate the average annual infiltration for the capping systems
considered for the South Landfill facility. The caps are as follows:

Case 1: 6” of 1opsoil

Case 2: 67 of topsoil
127 of barmier soil

Case 3: 6" topsoil
bentonite mat

Case 3a: 6" topsoil
drainage net
bentonite mat

Case 4: 47 asphalt
8" stone
synthetic liner
bentonite mat

Case 4a: 4" asphalt
8” stone
dra.nage net
synthetic liner
bentonite mat

Case 5: 6" of topsoil
127 of fill
synthetic liner
12" of barrier soil

Casc 5a: 6” of topsoil
127 of fill
drainage net
synthetic liner
12" of bamier soil

Case 2-1: 6" of topsoil
12" of fill
127 of barmer soil

Case 3-1: 6" topsoil
127 of fill
bentonite mat

Case 3a-1: 6 topsoil
12" of fill
drainage net
bentonite mat

Case 4-1: 4” asphalt
8” stone
24" of waste

Case 4a-1: 4" asphalt
8" stone
drainage net
24" of waste

Casc 6: Existing cover of 3’ of silty/clayey soil

Nete that the only difference between cases 3, 4, 5 and 3a, 4a, 5a is the presence of the drainage net.
Cases 2-1, 3-1 and 3a-1 are introduced to investigate the effect of an additional 12” layer of fill on
Cases 2, 3 and 3a. Cases 4-1 and 4a-1 differ from Cases 4 and 4a in that they lack the synthetic liner
and the bentonite mat. The layer of waste in Cases 4-1 and 4a-1 is introduced because a lateral
drainage layer, such as stone or drainage net, can not be the lower-most layer in HELP.
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2. DESIGN DATA

Climatological data

Climatological data was selected from the HELP data base for the location of Wilmington, DE, The
daily precipitation, temperature and solar radiation input was generated synthetically for the period of
100 years.

Evapotranspiration data

Evapotranspiration parameters pertaining to the climatological data are obtained from the HELP data
base for the location of Wilmington, DE.

In typical topseils vegetated with grass, the evapotranspiration zone depth in relatively moist climates,
such as in Delaware, is likely to be approximately 21 inches. Value of 21 inches was used in this
calculation. However, the thickness of the zone available for the root growth is less than that for all
cases considered in this analysis, except for Cases 2-1 and 6. For the remaining cases either the entire
thickness of the cap is less than 21 inches or the thickness available for root growth is limited by the
presence of the bentonite mat or a synthetic liner. Therefore, the actual depths of the
evapotranspiration zone are:

Case 1 d = 6 inches

Case 2: d = 18 inches
Case 2-1: d = 21 inches
Case 3: d = 6 inches

Case 3-1: d = 18 inches
Case 3a: d = 6 inches

Case 3a-1: d = 18 inches
Case 5: d = 18 inches
Case 5a: d = 18 inches
Case 6: d = 21 inches

Note that the details of the cap construction are not yet specified. If fill is placed to create a uniformly
graded subgrade, the evapotranspiration zone may extend deeper into the fill. Also, depending on the
nature of the waste, the root growth may occur within the waste itself. For this analysis, it was assumed
that there is no grading fill, and that the roots will not grow into the waste.

The cap configuration in Cases 4, 4-1, 4a and 4a-1 is different from the remaining cases because the
surface is covered with asphatt. This, for all practical purposes, eliminates the evapotranspiration.
Therefore, only a nominal evapotranspiration zone was assumed (d = 0.1 inches).

The maximurmn leaf area index was selected to be 2.0, based on the typical value for the poor to fair
stand of grass.

LAI=20

For the asphali cap, the maximum LAI is zero (no vegetation).
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Runoff parameters

It was assumed that the typical slopes of the landfill surface will be 4 percent, and that surface water
collection swales will be located every 200 feet. The surface type for the calculation of the CN curve
number was based on a poor stand of grass.

S=4%
L = 200 feet
Poor grass

For the asphalt cap, the CN number was user-specified at the value of $5. This was assumed based on
the TR55 guidance for asphalt parking lots.

Soil data

Soil and material types were selected from the HELP data base. Properties are listed in Table 4 of the
HELP manual. Short descriptions are provided beiow:

Existing soil:  HELP soil type #12, silty clay

Topsoil: HELP soil type #6, sandy loam

Fill: HELP soil type #4, loamy sand

Bammier soil: HELP soil type #16, barrier soil (clay), hydraulic conductivity = 1*10°7 cmv/s
Stone: HELP soil type #21, gravel

Bentonite mat: HELP material type #17
Synthetic liner: HELP material type #36, LDPE, 40 mil, good quality installation
Drainage net:  HELP material type #20

Asphalt was modeled by assuming that iis prope.ties are similar to those of a barrier soil layer (HELP
soil #16). This is probably a good assumption regarding hydraulic conductivity (on the order of 107
cmy/sec). Remaining soil properties, such as wilting point and field capacity, are probably not relevant
1o asphalt.

The waste was modeled as a clayey soil with the hydraulic conductivity of 1,7*#10° cmv/s (HELP soil
#15).

S )
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3. RESULTS

Average anneal infiltration vatues are presented below:

Case Description Average Annual Infiltration
[infyr]

Case 1: 6" of topsoil, vegetated

Case 2; 6" of topsoil, 12" of barrier soil,
vegetated

Case 2-1: 6" of topsoil, 12" of fill, 12" of
barrier soil, vegetated

Case 3: 6" of topsoil, bentonite mat, vegetated

Case 3-1: 6” of topsoil, 127 of fill, bentonite mat, 1.1
vegetated

Case 3a: 6" of topsoil, drainage net, bentonite mat, 0.02
vegetated

Case 3a-1: 6” of topsoil, 12" of fill, drainage net, 0.02
bentonite mat, vegetated

Casc 4, 4" of asphalt cap, 8 of stone, synthetic liner, zero
bentonite mat

Case 4-1: 4” of asphalt cap, 8” of slone, waste 0.1

Case 4a: 4” of asphalt cap, 8" of stone, drainage net, zero

synthetic liner, bentonite mat

Case 4a-1: 4" of asphalt cap, 8” of stone, drainage net, 0.1
waste
Case 5: 6" of topsoil, 127 of fill, synthetic liner, 0.008

12" of barrier soil, vegetated

Case Sa: 6” of topsoil, 127 of fill, drainage net, 0.00005
synthetic liner, 12" of barrier soil, vegetated

Case 6: Existing conditions 6

Note: In cases 1 and 2, there is a possibility that the roots can extend below the cap into the waste. For
case 2 the difference in the depth of the evapotranspiration zone would be insignificant (from 18 to 21
inches), and the resulting infiltration would be practically the same as reported above. However, the
difference would be significant for case 1, where the depth would increase from 6 to 21 inches.
Assuming that, the infiliration decreased from 16 to 9 inches.
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4. SUMMARY

Results can be summarized as follows:

Under existing conditions or a soil cap, the average infiltration would be on the order of 10
inches per year {Cases 1 and 6).

For the low perm soil cap the infiltration should be negligible (Case 2, I = 0.002 in/yt obtained).
However, the 6" topsoil would not create a sufficient barrier for frost penetration. The low
permeability barrier soil would be likely to crack and/or heave, causing an increase in infiltration
whose magnitude is impossible to predict. The frost damage can be controlled by an addition of
a frost protection layer. However, the frost protection layer itself creates a reservoir by trapping
water above the low permeability barrier and thus increasing the head acting on the barrier. As a
result, the infiltration is on the order of 1 inch per year (Case 2-1). The same is true if bentonite
mat is used instead of the low permeability barrier soil (Case 3 and 3-1). The addition of a lateral
drainage layer above the low permeability barrier or bentonite mat would decrease the
infiltration to a negligible level (Cases 3a and 3a-1, 1 = 0.02 in/yr).

The asphalt cap with the liner and bentonite mat will practically eliminate all infiltration (Cases
4 and 4a, ] = 0). If the liner and bentonite are not used and the cap is constructed directly above
the waste, the infiltration would still be & very low (Cases 4-1 and 4a-1, 1= 0.1 infyr). In all
cases, the presence of the drainage net has no effect on the performance of the asphalt cap. This
is because the 8-inch stone layer has sufficient lateral flow capacity to convey the insignificant
amount of water infiltrating through asphalt at negligible heads.

The RCRA cap without the drainage net will allow only negligible infiltration (Case 5, 1 = 0.008
infyr). The addition of a drainage net would practically eliminate all the infiltration (Case 5a, 1=
0.00005 infyT, essentially zero).
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"Nancy J Griskowitz” <Nancy.J.Griskowitz@USA.dupont.com> on 01/27/2000
m-@“ 02:27:38 PM

-

To: John Wokasien/Buffalo @URSGreiner
ce: "Brandt Butler" <Brandt.Butler@tSA. dupont.com>

Subject: SLF Cost Estimate Information

John,

The attached file contains two spreadsheets. The information on these
sheets replaces the groundwater pumping and chemical treatment sections of
the ESD estimate.

In addition, the Engineering and Project Support percentage of 10% that we
include with our estimates includes but is not limited to treatability
studies, pilot studies, implementation design, contract administration,
health and safety compliance and field supervision.

{See attached file: Cost Estimates 1-27.xls)

Please let me know if you have any additicnal questions.

Thanks,
Nancy

ID - Cost Estimates 1-27.xls
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